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Owing to the inadequate therapy available for diabetic patients even 
for some time after insulin became available, the fertility of diabetic 
women was low and pregnancy a rarity. When better control of the 
diabetic state made it possible for pregnancy to occur, it was dis- 
concerting to observe that some of the infants were born dead and that 
others died soon after birth. Autopsies on these infants showed no 
consistent pathologic change. 

The chemical and postmortem observations suggested a low blood 
sugar level, and to explain this Dubreuil and Andérodias* and others * 

From the Pathological Laboratory of the New England Deaconess Hospital. 
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have suggested transient fetal hyperinsulinism accompanying hyper- 
plasia of the islands of Langerhans. 

To determine whether an adequate structural basis existed for th 
assumed hyperinsulinism, the pancreatic islands in 9 infants of diabetic 
mothers and 9 infants of normal mothers were studied. 

From a block of tissue previously selected at random from each 
pancreas, approximately 90 serial sections were cut and stained wit! 
phloxine and methylene blue (methylthionine chloride U. S. P.). By 
observing the islands in the consecutive sections, the maximal dimensions 
of each island were determined in two diameters at a standard mag- 
nification by means of a calibrated eye piece micrometer. Only thos 
islands which increased in size when examined in serial sections were 
included in the determination of the maximal diameters, islands not 
sectioned through the point of maximal diameters thus being excluded 

Because of the appreciable variation in the maximal diameters of the 
various islands, an average of them would not fairly represent the large, 
irregular islands or the small islands. Although their shape is varied, 
ranging as they do from spheres through a wide variety of figures, a 
fair number of the islands may be reduced in sectional outline to a rough 
parallelogram. I have consequently adopted the product of the diameters 
of each island as representing its maximal cross-sectional area. 
Obviously, this arbitrary choice has introduced a certain element of 
error, but it is no more than would have been introduced by using the 
diameters severally, or by assuming a different shape to be the standard. 
Since the pancreases of both the control series and the infants of 
diabetic mothers were measured and calculated in the same way, I feel 
that the results of the two series are fairly comparable. 


CONTROL SERIES 


Case 1.—A tertipara aged 24 delivered spontaneously a boy of seven months’ 
gestation, weighing 4 pounds 4 ounces (1,928 Gm.). The baby breathed with 
difficulty and died twenty-nine hours after birth. There was a history of other 
premature births of infants with the same respiratory difficulty. 

At autopsy the right lateral ventricle of the brain contained blood-tinged fluid, 
and the choroid plexus was enlarged, dark red, and surrcunded by a blood clot. 
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Case 2.—A primipara aged 28 was delivered by cesarean section supposedly 
e week after term, because of vaginal bleeding and a decreased heart rate of 
the infant. The uterus was filled with blood, and the umbilical cord, only 25 cm. 
long, was torn near the umbilicus. The boy weighed 5 pounds } 
and breathed well, but died fifteen minutes after delivery. 
At autopsy the 
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difficult, and the baby died one and one-half hours after birth. 
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CasE 4.—A primipara aged 27 delivered without incident a well developed 
full term boy, weighing 8 pounds 6% ounces (3,814 Gm.). 
and died sixty hours after birth. 
Autopsy showed cor biatriatum triloculare. 
gray and elastic. 


Respirations were 
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The pancreas was moderately firm, 
Microscopically, there was a moderate number of islands, which 
varied in size from masses containing a few cells to some with diameters of 292 


There were a few very small foci of hemopoiesis. 
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Autopsy disclosed tears in the tentorium cerebelli, hemorrhage into the sub- 
arachnoid spaces and petechiae in the brain. 


The pancreas appeared normal. 
There were rare minute foci of hemopciesis. 
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masses containing a few cells to some with diameters of 262 by 192 microns. Thi 
island cells appeared normal, except for a few with a very slightly increased 
amount of cytoplasm. There were scattered foci of hemopoiesis. 


Case 8.—A tertipara aged 30 delivered normally a boy weighing 8 pounds 
8 ounces (3,856 Gm.). The baby did not breathe well, had slight jaundice and 
died twenty-one hours after birth. 

At autopsy the pancreas was normal. Microscopically, there was a moderate 
number of islands, which varied in size from masses containing a few cells to 
some with diameters of 262 by 192 microns. The islands generally appeared 
normal, but in a few the cells were slightly larger than average, with an occasicnal 
enlarged nucleus. The interlobular stroma contained a few minute foci of 
hematopoiesis. 


Case 9.—A tertipara aged 40 had a low forceps delivery. One week before 
parturition she had beccme slightly toxic. The boy, weighing 8 pounds 15 ounces 
(4,058 Gm.), was slow to breath. Later breathing was rapid, with poor color 
and twitching. The baby died forty-two hours after delivery. 

At autopsy the pancreas appeared normal. Microscepically, the islands were 
moderately numerous and varied in size from masses containing a few cells to 
some with diameters of 654 by 447 microns. Many of the islands, particularly the 
smaller ones, appeared normal. In the larger islands the cells were larger than 
normal, with an increased amount of cytoplasm which stained highly acidophilic 
Generally the nuclei were slightly larger than the average, and occasionally they 
were much larger. A few islands showed both types of cells. Some of the islands 
exhibited an increase of supporting stroma. Rarely, eosinophilic myelocytes, some 
of which were mature, were noted in the islands. There were a few scattered 
minute foci of hemopoiesis in the stroma. 


DIABETIC SERIES 


Case 1.—A primipara aged 26 was first noted to have diabetes in March 1932 
The last catamenia was probably in September 1936. She received unmodified and 
protamine insulin. Thirteen samples of blood, taken at intervals from Dec. 5, 
1936 to Feb. 26, 1937, on four occasions contained between 200 and 250 mg. of 
dextrose per hundred cubic centimeters, once 300 mg. and once 330 mg. per 
hundred cubic centimeters. The remainder of the values were below 200 mg. per 
hundred cubic centimeters. On Feb. 27, 1937, she was delivered spontaneously of a 
boy weighing 3 pounds % ounce (1,314 Gm.). The baby died shortly after birth. 
The placenta showed localized infarction, and the umbilical cord showed foci of 
acute inflammation. The autopsy, performed eight and one-half hours after 
death, disclosed a normally develcped but immature infant, weighing 1,380 Gm. 
and measuring 15 cm. in length (crown-rump). The lungs were atelectatic; 
otherwise all organs appeared normal. The pancreas weighed 0.8 Gm. Micro 
scopically, the islands were not numerous, were generally small and varied in 
size from masses containing a few cells to some with diameters of 308 by 23 
microns. The island cells and the nuclei were of average size. No mitotic figures 
were noted. The stroma was relatively prominent and contained scattered hemo- 
poietic cells. Eosinophilic myelocytes were rare. 


Case 2.—An octipara aged 34 had had diabetes since June 1930. The last 
catamenia was probably in October 1934. She received insulin. She was in her 
sixth month of pregnancy when she was admitted to the hospital, Jan. 8, 1935, in 
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acidosis. The carbon dioxide-combining power cf the plasma on two occasions was 
16 and 10 volumes per cent, and the blood contained 200 and 250 mg. of dextros: 
per hundred cubic centimeters. She was given a clysis of 1,500 cc. of 5 per cent 
dextrose in physiologic solution of sodium chloride. 

Three hours before the mother miscarried, on the day following her admission, the 
carbon dioxide-combining power was 17 volumes per cent, and the blood contained 
320 mg. of dextrose per hundred cubic centimeters. The boy lived half an hour. The 
mother contracted pneumonia, which was terminated by crisis on the sixth day 

Autopsy, performed one-half hour after death, showed an immature infant 
measuring 36 cm. from crown to heel. The heart blocd contained 220 mg. of 
dextrose per hundred cubic centimeters. The organs appeared normal. The 
pancreas measured 2.5 cm. in length and 0.4 cm. in thickness. Microscopically, 
there were numerous islands, which varied in size from masses containing a 
few cells up to scme with diameters of 439 by 262 microns. The island cells were 
slightly larger than normal, and the nuclei were occasionally considerably enlarged. 
Rarely, mitotic figures were noted. The stroma surrounding many of the islands 
was increased and moderately infiltrated with myelocytes, mostly eosinophilic and 
mature. The stroma elsewhere contained scattered hemopoietic cells. The acinar 
cells were less well developed than the island cells, but otherwise they appeared 
normal. The ducts and blood vessels appeared normal. 


Case 3.—A primipara aged 25 had had diabetes since March 1934. Her last 
catamenia was on Oct. 9, 1936. In Jan. 1937 she was transferred from a regimen 
of unmodified insulin to one of protamine insulin. During April she evidenced a 
low renal threshold, with as much as 92 Gm. of sugar in the urine in one day 
Tests were made on twenty-four samples of blocd, taken at intervals from January 
to May. On one occasion the dextrose content reached 200 mg. and on another 
330 mg. per hundred cubic centimeters; in the remainder of the tests the values 
were 190 mg. or less. On May 30, 1937, the mother delivered a boy by the 
natural route. The mother’s blood at delivery contained 190 mg. of dextrose per 
hundred cubic centimeters. The cord blood of the infant contained 160 mg. The 
carbon dioxide-combining power of the plasma was slightly reduced, and the non 
protein nitrogen content of the blood was normal. The baby cried feebly; one and 
one-half hours after birth, the content of dextrose in the infant’s blood was 110 mg., 
and four and one-half hours after birth, 60 mg., per hundred cubic centimeters ; 
the breathing was shallow, and cyanosis developed. The baby died six and three- 
fourths hours after birth. 

Autopsy, performed five hours after death, showed a well developed infant 
weighing 1,940 Gm. The heart blood contained 60 mg. of dextrose per hundred 
cubic centimeters. The organs were grossly normal. The pancreas weighed 1.2 
Gm. Microscopically, the islands were not numerous, were generally fairly small 
and varied in size from masses containing a few cells to some with diameters of 
262 by 208 microns. The island cells and nuclei were of average size. No mitotic 
figures were observed. The intralobular and interlobular stromas were relatively 
prominent, were of loose texture and frequently contained large foci of hemopoietic 
cells. Only an occasional eosinophilic myelocyte was noted. The acinar cells and 
ducts appeared normal, but in places the acini appeared immature, with considerable 
intervening connective tissue. 


Case 4.—A septipara aged 30 had had diabetes since 1930. On Sept. 10, 1931, 
by means of roentgen examination, she was thought to be in the seventh month 
of pregnancy. Eleven samples of blood, taken at intervals from Sept. 11, 1931 
to Oct. 2, 1931, included only a single specimen containing as high as 200 mg. of 
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trose per hundred cubic centimeters. An elective induction was carried out at 

ut term, and twins were delivered on October 2. The first baby, a boy, was deliv- 
ered by version, because of a compound presentation (head and hand), and showed an 
neventiul course. The second baby, also a boy, was a footling, with the cord 
round his neck. The delivery was easy. There were two placentas. The second 
twin was somewhat blue when born. Rales developed in the lungs, and he died 
twenty hours after delivery. 

The autopsy, performed three and one-half hours after death, showed a normally 
rmed boy, weighing 2,800 Gm. and measuring 46 cm. from crown to heel. 
[here was a tear in the left tentorium, with subtentorial hemorrhage. The lungs 
showed evidence of slight aspiration of amniotic fluid. The pancreas weighed 
approximately 5 Gm. Microscopically, the islands were moderately numerous and 
varied in size from masses containing a few cells to some with diameters of 
262 by 239 microns. The island cells and nuclei were usually slightly larger and 


ccasionally considerably larger than normal. The stroma surrounding the islands 


TABLE 2 (Case 4).—Chemical Examination of the Blood 








Sugar, Nonprotein Nitrogen, 
per Cent Mg. per 100 Ce. 


Mother (at delivery)..... 0.17 5 
Infant 1 (at delivery) *% 0.12 27 
Infant 2 (at delivery) wanwaes 0.11 23 
Infant 1 (6% hr. after birth) ne 0.10 = 
Infant 2 (6% hr. after birth)............... 0.04, 0.05 

Infant 2 (heart blood 3%hr. post mortem) 0.03 

Infant 1 (18 days after birth) 





was very slightly increased in amount and was in several instances moderately 
infiltrated with myelocytes, chiefly eosinophilic and mostly mature. There were 
other scattered minute foci of hemopoiesis. The acinar cells, ducts and blood 
vessels appeared normal. 


Case 5.—A primipara aged 34 had had diabetes since Oct. 1926. Her last 
catamenia was on June 22, 1934. She received unmodified insulin. Nine samples 
of blcod, taken at intervals from Sept. 18, 1934 to Feb. 11, 1935, showed a single 
specimen containing 200 mg., another containing 210 mg. and a third containing 
230 mg. of dextrose per hundred cubic centimeters. The remainder contained 
less than 200 mg. per hundred cubic centimeters. 

On February 11, 1935, a girl was born by classic cesarean section. One hour 
before delivery the mother’s blocd contained 230 mg. of dextrose and 309 mg. of 
cholesterol per hundred eubic centimeters, and the carbon dioxide-combining 
power was 28 volumes per cent; one-half hour after delivery the values were 
160, 295, and 28, respectively. The infant’s cord blood contained 130 mg. of dextrose 
per hundred cubic centimeters, and the carbon dioxide-combining power was 24 
volumes per cent. The baby was cyanotic, but its color improved with administra- 
tion of oxygen. The course was marked by periods of cyanosis, poor respiration 
and occasional convulsions. The baby died nine and one-half hours after birth. 


Autopsy, performed ten and one-half hours after death, showed a normally 
developed infant, weighing 3,020 Gm., with lividity of the dependent portions. 
The heart blood contained 60 mg. of dextrose per hundred cubic centimeters. 
The lungs were atelectatic and microscopically showed evidence of aspirated 
amniotic fluid. The pancreas weighed 3 Gm., was reddish brown and appeared 
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normal. Microscopically, there were numerous islands (fig. 1), mostly larg: 
which varied in size from masses containing a few cells up to some with diameters 
of 439 by 385 microns. The island cells and nuclei were slightly larger than average, 
and there were occasional large nuclei, some of which were deeply chromatic 
Rarely, a mitotic figure was noted. The stroma surrounding many of the islands 
was increased and densely infiltrated with eosinophilic myelocytes, mostly of the 
mature type. There were a few foci of hemopoiesis within the stroma, which 
were not in association with the islands. 


Case 6.—A _ sextipara aged 37 had had diabetes since January 1932. Her 
first three deliveries, which were prior to the cnset of diabetes, were uneventful. 
The fourth, after the onset of diabetes, was normal, but the baby died on the 
tenth day from an umbilical infection. The fifth was born by breech extraction 
and was very large. The infant had been dead two weeks before delivery. 














Fig. 1 (case 5)—Hyperplasia of the islands of Langerhans, showing the infil- 
tration of eosinophilic myelocytes and the comparative size of the accompanying 
acini. (Stained with phloxine-methylene blue; x 189.) 


The last catamenia of the sixth pregnancy was Dec. 26, 1934. She received 
unmodified insulin. Nineteen samples of blood, taken from Feb. 2, 1935 to Sept. 4, 
1935, included a specimen which contained 200 mg. and another which contained 
230 mg. of dextrose per hundred cubic centimeters, with the remainder containing 
below 200 mg. per hundred cubic centimeters. On Sept. 4, 1935, a boy was deliv- 
ered by classic cesarean section. At delivery, the chemical findings of the 
mother’s blood were normal, the sugar ccntent being 130 mg. per hundred cubic 
centimeters. The cord blood contained 100 mg. of dextrose per hundred cubic 
centimeters. The baby exhibited intermittent periods of apnea. A sample of blocd 
taken twelve and one-half hours after birth contained 60 mg. of sugar per hundred 
cubic centimeters. The baby died suddenly, fourteen hours and ten minutes 
after birth. 





HELWIG—INFANTS BORN OF DIABETIC MOTHERS 229 


Autopsy, performed two and one-half hours after death, showed a well nour- 
ied infant, measuring 40 cm. in length (crown to heel) and weighing approxi- 
ately 3,500 Gm. The heart blood contained 120 mg. of dextrose per hundred 

cubic centimeters; the liver blood, 180 mg. The lungs were atelectatic and 
micrescopically showed evidence of aspirated amniotic fluid. The pancreas grossly 
was normal. Microscopically, there were numerous islands, many large, which 
varied in size from masses containing a few cells to some with diameters of 
554 by 462 microns. The island cells and the nuclei were slightly larger than 
average, and the latter were occasionally extremely large and in a few instances 
deeply chromatic. In some cells the cytoplasm was more highly acidophilic than 
in others. Rarely, a mitotic figure was noted. The stroma surrounding some of 
the islands was infiltrated with eosinophilic myelocytes, mostly of mature type. 
Myelocytes were also present in small numbers within some of the islands. There 
were a few scattered hemopoietic cells within the stroma, not in relation with 
the islands. 


Case 7.—A secundipara aged 33 had had diabetes for ten years prior to her 
second pregnancy. Her first pregnancy, two years previously, was terminated by a 
miscarriage at about seven weeks, during an attack of grip. Her last catamenia 
was on March 25, 1936. Diabetes was controlled by diet until September 1936, 
with the test for sugar in her premeal specimens of urine yielding reactions ranging 
from negative to an orange color with sediment. After September, she was given 
24 units of insulin daily in a single morning dose. Fourteen samples of blood, 
taken at intervals from July 30, 1936 to Jan. 28, 1937, included two samples 
containing 200 mg. and one sample containing 240 mg. of dextrose per hundred 
cubic centimeters, with the content of the remainder less than 165 mg. per hundred 
cubic centimeters. On Jan. 28, 1937, she was admitted to the hospital because of 
preeclampsia. Her blood pressure was 160 systolic and 104 diastolic. The urine 
contained albumin. The diabetes was controlled. On Jan. 28, 1937, after she had 
received 2 ounces (60 cc.) of orange juice with sugar two and three hours pre- 
operatively, a living girl was delivered by classic cesarean section. The mother’s 
blood one hour after delivery contained 100 mg. of dextrose per hundred cubic 
centimeters, and the cord blocd contained 162 mg. The baby cried vigorously, but 
cyanosis was fairly marked, and the hands and feet were cold. The head was 
small. On the second day, slight cyanosis was present. The heart was large 
(confirmed by roentgen examination) and there was a systolic murmur, which was 
definite over the body of the heart but not present at the base or the apex. The 
edge of the liver was 7.5 cm. below the costal margin. Forty-eight hours after 
delivery, the blood contained 57 mg. of dextrose per hundred cubic centimeters. 
On the third day the baby became dusky, and there were irregular grunting 
respirations. The baby died sixty hours after birth. 

Autopsy, performed five hours and fifty minutes after death, showed a well 
developed infant, weighing 3,898 Gm. and measuring 49 cm. in length (crown- 
heel). The heart showed cor triloculare biventriculare and hypertrophy. The 
liver weighed 170 Gm. and was fatty. There was a bilateral bronchopneumonia. 
The pancreas weighed 3 Gm. and appeared normal. Micrescopically, there were 
numerous islands, generally of moderate size, which varied from masses con- 
taining a few cells to some with diameters of 346 by 254 microns. The island 
cells and nuclei were slightly larger than average. Some of the nuclei were very 
large and occasionally were deeply chromatic. Mitotic figures were rarely seen. 
The intralobular and interlobular stromas were not increased. In a few scattered 
foci, the stroma contained several hemopoietic cells and a few eosinophilic myelo- 
cytes, with indented round, cr oval, or lobulated nuclei. Occasionally eosinophilic 
myelocytes were noted within the islands. 
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Case 8.—A quattuordecipara aged 39 was noted to have sugar in her urine 
Sept. 3, 1936. The expected date of confinement was in November 1936. Oj 
her previous pregnancies, nine resulted in full term normal deliveries, two in 
miscarriages at two and five months and two in stillbirths (the last, one year 
previous to the fourteenth pregnancy). Five samples of blood, taken from Oct. 9, 
1936 to Oct. 28, 1936, contained from 95 mg. to 164 mg. of sugar per hundred 
cubic centimeters. The test cf the urine for sugar gave positive results. 

On Oct. 29, 1936, a living girl was delivered normally. The baby cried but 
exhibited irregular movements. The scleras were slightly icteric. The reflexes 
were active and the neck slightly stiff. The baby nursed normally. During the 
first forty-eight hours the baby received only distilled water. A sample of blood 
then showed 42 mg. of dextrose per hundred cubic centimeters. From the fifty- 
first to the fifty-eighth hour after birth, the baby took a 5 per cent solution 
of dextrose by mouth every-hour. In the subsequent hour she was noted to be 
weaker, and at the fifty-ninth hour she was cyanotic. She was placed in an 
oxygen chamber. Respirations were of the Cheyne-Stokes type, and the heart 
beat was firm but slow. She died sixty hours after birth. 

Autopsy, performed eighteen hours after death, showed a normally developed 
infant, weighing 3,930 Gm. The heart showed generalized hypertrophy (38 Gm.). 
There was marked pulmonary hyperemia and edema. The right kidney exhibited 
thrombosis of the arcuate vessels, with acute necrosis and hemorrhage. One 
adrenal gland showed thrombosis and acute focal necrosis. The pancreas weighed 2 
Gm. and appeared grossly normal. Microscopically, there were a moderate 
number of islands, generally larger than normal, which varied in size from 
those of a few cells to masses containing diameters of 539 by 385 microns. The 
island cells generally were moderately enlarged, and the nuclei were often enlarged, 
some being twice the usual size. Mitotic figures were rare. Occasionally nuclei 
stained deeply chromatic. The stroma was not increased and appeared normal. 
There were only rare scattered hemopoietic cells, and eosinophilic myelocytes were 
rarely noted. 


CasE 9.—A primipara aged 36 dated the onset of her diabetes to July 1926. 
The date of her last catamenia was Feb. 4, 1936. She was treated with unmodified 
insulin. Thirty-four samples of blood, taken at intervals from March 12 to 
October 19, included seven containing between 200 mg. and 230 mg. of dextrose 
per hundred cubic centimeters. Another sample, taken on October 19, after the 
intravenous administration of 1,000 cc. of 10 per cent dextrose in physiologic 
solution of sodium chloride preparatory to a cesarean section, contained 290 mg. 
per hundred cubic centimeters, and the carbon dioxide-combining power was 30 
volumes per cent. The remainder contained less than 200 mg. per hundred cubic 
centimeters, 

On October 19 a dead girl was delivered by classic cesarean section. The 
baby was delivered with more difficulty than normal because of the tightness of 
the uterus and the size of the child (weight 10 pounds [4,536 Gm.], born three 
weeks prematurely). The cord was flat and encircled the neck two or three 
times. The cord blood contained 120 mg. of dextrose per hundred cubic centimeters, 
and the carbon dioxide-combining power was 18 volumes per cent. The mem- 
branes and the placenta were greenish gray. The baby had probably been dead 
for at least twenty-four hours, although the patient said she felt it the previous 
night. 
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The autopsy, performed three quarters cf an hour after delivery, showed a 
mally developed infant, weighing 4,540 Gm. The heart blood contained 190 mg. 
f dextrose per hundred cubic centimeters. The pancreas appeared normal. Micro- 
scopically, there were numerous islands (fig. 2), many large, which varied in 
size from masses containing a few cells to some with diameters of 662 by 585 
microns. The island cells and nuclei were moderately larger than average. Some 
{ the nuclei were extremely large, and a few were deeply chromatic. Mitotic 
figures were rarely noted. The cytoplasm was acidcphilic and in some cells 
ereatly increased. The stroma, particularly in the vicinity of islands, was infil- 
trated with eosinophilic myelocytes, mostly of mature type. The stroma also 
contained scattered small foci of hemcpoietic cells (fig. 2). 








Fig. 2 (case 9).—Hyperplasia of the islands of Langerhans. (Stained with 
phloxine and methylene blue; x 189.) 


COMMENT 


The report of the chemical findings in the blood has been arranged 
according to the data available for study. Of the 9 infants of diabetic 
mothers, 4 infants (cases 3, 5, 6 and 9) had determinations of dextrose 
in the cord blood. In 2 infants (cases 3 and 5) the postmortem sugar 
content of the heart blood was lower than that of the cord blood, and in 
2 infants (cases 6 and 9) it was higher ; 1 of the latter 2 infants, however, 
was born dead. The postmortem blood (heart) sugar in the former 2 
infants (cases 3 and 5) was 60 mg. per hundred cubic centimeters, in 
each instance. 

Case 4 was interesting because of twin births. The blood sugar 
content of the first twin at birth was 120 mg. per hundred cubic centi- 
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meters ; at six and one-fourth hours after delivery, 100 mg. per hundred 
cubic centimeters, and on the tenth day, 100 mg. per hundred cubic 
centimeters. The baby’s course was uneventful. The blood sugar 
content of the second twin at birth was 110 mg. per hundred cubic 
centimeters; at six and one-fourth hours after delivery, 40 mg. per 
hundred cubic centimeters and 50 mg. per hundred cubic centimeters. 
[he infant lived twenty hours, and a postmortem determination of the 
blood sugar, made three and one-half hours after death, showed 30 mg. 
per hundred cubic centimeters. The autopsy revealed a subtentorial 
hemorrhage. 

In case 8, a determination of the blood sugar at the forty-eighth 
hour revealed 42 mg. per hundred cubic centimeters. In the succeed- 
ing ten hours, the baby received dextrose by mouth, with an apparent 
improvement in the general condition. However, her condition then 
grew rapidly worse, and she died at the fifty-ninth hour, before intra- 
venous injections of dextrose could be given. No terminal or post- 
mortem determinations of the content of blood sugar were made. 

In case 7 the blood sugar content at birth was 62 mg. per hun- 
dred cubic centimeters, and forty-eight hours later it was 57 mg. 
per hundred cubic centimeters. No postmortem determination was 
made. The autopsy revealed congenital heart disease. In case 2, only 
a postmortem determination of blood (heart) sugar was made; it showed 
220 mg. per hundred cubic centimeters. In case 1, no determination 
of the blood sugar was made. Only 1 infant (case 8) received dextrose. 
The mother of 1 infant (case 2) was admitted in acidosis with pneu- 
monia and received 1,500 cc. of 5 per cent dextrose by clysis. The 
time of administration with relation to the time of delivery was 
uncertain. 

The mother of 1 infant (case 7) received 2 ounces (60 cc.) of orange 
juice with sugar at two and three hours previous to the cesarean section. 
The mother of another infant (case 9) received 1,000 cc. of 10 per 
cent dextrose intravenously. The time of administration with relation 
to the time of delivery was uncertain. 

Some investigators * have shown that normally the value for fetal 


blood sugar is low, whereas others * have found it to be about the same 


3. (a) van Creveld, S.: Carbohydrate Metabolism of Premature Infants: 
Blood Sugar During Fasting, Am. J. Dis. Child. 38:912 (Nov.) 1929. (6) 
McKittrick, J. B.: Personal communication to the author. 

4. (a) Rowley, W. N.: Observations on the Blood Sugar During Pregnancy 
and the Puerperium, Am. J. Obst. & Gynec. 5:23, 1923. (b) Morriss, W. H.: 
The Obstetrical Significance of the Blood Sugar with Special Reference to the 
Placental Interchange, Bull. Johns Hopkins Hosp. 28:140, 1917. 





234 ARCHIVES OF INTERNAL MEDICINE 


as the adult values. McKittrick,*® taking nearly simultaneous specimens 
of capillary blood, arterial cord blood and venous cord blood shortl; 
after birth, found variations of 68 to 99 mg. per hundred cubic centi 
meters ; 86 to 102 mg. per hundred cubic centimeters, and 83 to 99 mg 
per hundred cubic centimeters, respectively. Specimens of capillary 
blood taken at least three hours after the last feeding during the first 
fourteen days of life of 73 infants showed maximal daily values ranging 
from 93 to 160 mg. per hundred cubic centimeters and minimal dail) 
values ranging from 43 to 83 mg. per hundred cubic centimeters. 
Morriss *” reported an average of 115 mg. per hundred cubic centimeters 
for infants’ blood and 135 mg. for maternal blood, and Rowley ** 
reported averages of 110 mg. per hundred cubic centimeters for maternal 
blood and 90 mg. per hundred cubic centimeters for cord blood. Van 
Creveld ** noted that blood sugar values obtained during fasting in the 
first month of the life of premature infants may be extremely low, and 
Schretter and Nevinny *¢ noted low blood sugar values in normal infants 


for several days. 

Of the blood sugar values obtained in this series the values in only 
2 cases dropped below 60 mg. per hundred cubic centimeters. One 
was 30 mg. per hundred cubic centimeters, which occurred in a twin; 
autopsy revealed a subtentorial hemorrhage. The second twin had 
normal blood sugar figures and a normal course. In the other case 
a single determination, made on the third day, showed 42 mg. per 


hundred cubic centimeters. No subsequent determination of blood 
sugar was made, and death was attributed to congestive heart failure. 
This may represent a case in which hypoglycemia was at least a con- 
tributory factor. 

These cases, with the 2 possible exceptions, indicate that blood sugar 
levels are not abnormally low in the infants of diabetic mothers. In 
fact, it is possible that the high level of maternal blood sugar may raise 
the infant’s blood sugar above the usual level, at least for a few hours. 

In 7 of the 9 infants of diabetic mothers, the weights of the pancreas 
varied from 0.8 to 10 Gm., the latter probably being too high. Exclud- 
ing case 9, in which the pancreas weighed 10 Gm. and case 4, in which 
it was approximated at 5 Gm., the variation was from 0.8 Gm. to 3 Gm. 
In 2 cases (1 and 3) the pancreas weighed 0.8 and 1.2 Gm., respectively, 
and in both instances the infants were born prematurely. In 6 new- 
born infants of nondiabetic mothers, none of which were born pre- 
maturely, Ogilvie * found the weight of the pancreas to vary from 1.92 
to 4.08 Gm. In my series of cases there is no definite evidence of an 
increase in the weight of the pancreases of infants of diabetic mothers. 


5. Ogilvie, R. F.: A Quantitative Estimation of the Pancreatic Islet Tissue, 
Quart. J. Med. 6:287, 1937. 
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In figure 3, the mean area of the islands per pound of body weight 
is calculated for infants both of diabetic and of normal mothers. Of 
the infants of nondiabetic mothers, excluding a single infant (case 9), 
the mean area of the islands ranged from 10,139 to 23,136 square 
microns, without any consistent correlation with weight. In case 9, 
there was a definite increase in the mean area of the islands, 35,715 


square microns, and the cells appeared larger than average.® 
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Fig. 3—Mean area of the islands of Langerhans compared with the weight 
of infants born of diabetic and of nondiabetic mothers. 


6. No adequate chemical study has been made of either the mother or the 
infant; so it is possible that there may have been abnormal carbohydrate metabolism 
in either parent or child. However, the mother’s tests showed no sugar in her 
urine, and so the mother may be presumed to have been nondiabetic at the time 
of delivery. The infant took lactose on several occasions. 

The baby’s color was intermittently poor, with cyanosis, frequent cries and 
twitching. Death occurred at the forty-second hour. Autopsy revealed consid- 
erable dilatation of the right side of the heart and passive congestion of lungs, liver 
and spleen. The peritoneal cavity contained 25 cc. of clear yellow fluid. The brain 
was edematous. 
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In contrast to these, the pancreatic islands of infants of diabetic 
mothers had a mean area ranging from 16,354 to 186,637 square microns 
Four of the infants of diabetic mothers had a mean island area large: 
than that of any of the control series. If the single infant with larg: 
islands in the control series (case 9) is excluded, there are 6 of the 
infants of diabetic mothers whose mean island area exceeds that of 
the infants of normal mothers. Of the 3 infants born of diabetic 
mothers whose mean island area falls within the range of that of the 
control series, 2 infants (cases 1 and 3) could be classed as prematurely 
born, and a third infant (case 4) was not fully developed, although 
the mean area of the islands in all 3 infants could be considered within 
the range of the mean area of the islands of the control group. Thus, 
there was a decided preponderance of large insular areas in the group 
born of diabetic mothers. 

As will be noted by comparing the mean area of the islands with the 
maximum and minimal diameters of the islands, the mean area gives a 
much fairer picture. In general, the smaller islands, whether of infants 
of diabetic or of those of nondiabetic mothers, show less variation in 
the diameters, as would be expected, and the larger islands show a 
greater degree of variation. Even the minimal diameter of the islands 
of the infants of diabetic mothers is an appreciably greater diameter 
in most instances than the minimal diameter of those of the control 
series. In other words, not only are there single islands which are 
larger in the series of infants of diabetic mothers than in the control 
series, but in addition the maximal diameters of the islands tend to be 
greater, and the minimal diameters tend to be greater; thus it is shown 


that the hypertrophy and the hyperplasia involve not only scattered 
islands but nearly all the islands. These two series tend to differ both 
from the qualitative standpoint and from the standpoint of size of the 
islands of Langerhans, although there is some overlapping. 
Microscopically, the infants of the control series, with the single 
exception that I described (case 9), exhibited an apparently average 


number of islands which were not increased in size. The island cells 
were not increased in size and appeared normal. The stroma occa- 
sionally contained minute foci of hemopoietic cells, in which only rarely 
an eosinophilic granulocyte could be identified. In a single infant among 
the control series (case 9), the islands appeared increased in number, 
and there was also an increase in size of some of the islands and the size 
of some of the cells and nuclei. The stroma rarely contained minute 
foci of hemopoietic cells, and rarely an eosinophilic granulocyte could 
be identified within or near an island. In 2 of the infants of diabetic 
mothers (cases 1 and 3) there was no apparent increase in the number 
of the islands, and the island cells did not appear enlarged. The stroma 
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a single infant (case 1) showed a scattering of hemopoietic cells 
and rare eosinophilic granulocytes, particularly near the islands. In 
another infant (case 3) the stroma was tenuous, was relatively increased 
and contained large numbers of hemopoietic cells, including a few 
eosinophilic granulocytes. In 2 infants (cases 2 and 4) there appeared 
to be a slight increase in the number of the islands and a slight increase 
in the size of the cells. The nuclei were slightly enlarged, but occa- 
sionally they were much enlarged. The stroma was not appreciably 
increased. There were scattered minute foci of hemopoietic cells, and 
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Fig. 4——Maximal diameter of the islands of Langerhans compared with the 
weight of infants of diabetic and of nondiabetic mothers. 


particularly in the vicinity of some of the islands there were numerous 
eosinophilic granulocytes. In 5 infants (cases 5, 6, 7, 8 and 9) the 
islands generally appeared slightly increased in number, but this varied 
considerably with the different fields. The cells of the islands also 
generally appeared slightly to moderately enlarged, occasionally accom- 
panied by large nuclei, most of which had a rather slight chromatin 
content, but occasionally the nuclei were deeply chromatic. Mitotic 
figures were rarely observed. The stroma was not increased and con- 
tained scattered minute foci of hemopoietic cells. In addition, in 3 
infants (cases 5, 6 and 9), the stroma in the vicinity of some of the 
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islands, and to a less degree the stroma within the islands, contained 
eosinophilic granulocytes, most of which were mature. Two infant 
(cases 7 and 8) showed this infiltration to a much less degree. 

Four of the infants born of the diabetic mothers had a mean insular 
area much higher than that of any born of the normal mothers. Six 
of the infants had an insular area larger than all but a single infant of 
the control series. The 3 infants of diabetic mothers that fell within 
the normal range were small infants, 2 of them being definitely pre- 
mature. If instead of the mean insular areas the maximal diamete: 
of any island is used (fig. 4), only 1 infant of the group of diabetic 
mothers had an island greater than the largest of the islands in the 
control series (case 9). However, if case 9 is excluded, 7 of the infants 
of diabetic mothers had a maximal island diameter greater than that of 
the control series; and for 2 infants of diabetic mothers it was equal 
to that of the control series. While hemopoiesis may occur in the 
pancreatic stroma or in the peri-insular tissue of infants born of non- 
diabetic mothers, it is only in the group born of diabetic mothers that 
there is an appreciable eosinophilic infiltration. In this series of infants 
of diabetic mothers which I have observed, all showed it to a greater 
or less degree, but it was usually more prominent in the infants with 
more striking anatomic variations in size. These insular changes could 
not be correlated definitely with the variation in the carbohydrate 
metabolism of the mother. This lack of correlation was possibly due 
to the very few observations of the sugar content of the maternal blood 
that had been made. Unfortunately, there was no definite correlation 
between the variations in insular area and the variations in blood sugar 
level either during life or post mortem. However, all the infants for 
whom determinations of blood sugar were made during life, 5 in number, 
had had low values. In infants of nondiabetic mothers, there may be 
a comparable lowering of the blood sugar level. 

The hyperplasia of the islands was probably a response to the diabetic 
state of the mother. Whether this hyperplasia was effected directly, 
through an increased demand for insulin because of elevated maternal 
and fetal blood sugar levels, or was brought about indirectly, through 
the pituitary body or other endocrine glands, cannot be said. I have 
no anatomic evidence to support the latter view. 


SUMMARY AND CONCLUSIONS 


The pancreases of 9 infants of diabetic mothers and of 9 infants 
of nondiabetic mothers were studied. The islands of Langerhans in 
the infants of diabetic mothers exhibited a variable degree of hyper- 
trophy and hyperplasia, most marked in those infants nearing full term 
when they were born. The nuclei were frequently enlarged and occa 
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nally hyperchromatic. The stroma and to a less degree the islands 
of the infants of diabetic mothers frequently were infiltrated with 


eosinophilic granulocytes, many of which were mature. This infiltration 


of eosinophilic granulocytes was not present in the control group. 

One infant in the control group, whose mother was not known to 
have diabetes, showed hypertrophy and hyperplasia of the islands and 
no obvious anatomic cause of death. 

I am forced to conclude that some infants of diabetic mothers have 
definitely larger amounts of insular tissue than infants of nondiabetic 
mothers. This is particularly marked in those infants whose greater 
birth weights suggest a possible excess growth stimulus. On the other 
hand, it must be recognized that a fair number of the pancreases of 
infants of diabetic mothers will fall in the normal range of insular size. 

The determinations of blood sugar on the whole show little correla- 
tion with insular size, the lowest level of blood sugar, 30 mg. per hundred 
cubic centimeters, occurring in an infant dying of subtentorial hemor- 
rhage, and one of the higher values, 190 mg. per hundred cubic centi- 
meters, occurring in a stillborn infant who had the largest islands of 
any in the series. 

Dr. Arthur T. Hertig of the Boston Lying-In Hospital supplied the reports 


of cases 7 and 8, and Dr. Herbert L. Lombard of the Massachusetts Department 
ci Public Health gave statistical advice. 





ADJUSTMENTS IN CORONARY CIRCULATION AFTER 
EXPERIMENTAL CORONARY OCCLUSION 


WITH PARTICULAR REFERENCE TO VASCULARIZATION OF 
PERICARDIAL ADHESIONS 


HOWARD B. BURCHELL, M.D. 
ROCHESTER, MINN. 


As disease of the coronary arteries plays such a dominant role in 
cutting short the productive age of man, it has long been the subject of 
study. The clinical observations of Morgagni, Rougnon, Heberden and 
Parry long preceded experimental studies on animals. During the 
middle of the nineteenth century several investigators, among whom 
were Erichsen,‘ Panum,? von Bezold and Breymann * and Samuelson,‘ 
observed the effects of ligation or embolism of the coronary arteries. 
The discussions were mostly concerned with the manner of the cardiac 
standstill, and the experiments were not designed for study of the col- 
lateral circulation in the heart. The greatest controversy arose over a 
manufactured term, “functional end artery,” which was introduced by 


Cohnheim and von Schulthess-Rechberg*® in 1881. In the main, the 
difficulty arose between the anatomists, who could so clearly see the col- 


lateral vessels, and the experimental pathologists, who observed necrosis 
of the myocardium following ligation of the coronary arteries. 

Kolster ® (1893) studied the production of myocardial infarction 
through its many stages; Baumgarten’ (1899) stated the belief that the 


From the Division of Experimental Medicine, the Mayo Foundation. 

Abridgment of a thesis submitted to the Faculty of the Graduate School of 
the University of Minnesota in partial fulfilment of the requirements for the degree 
of Doctor of Philosophy in Medicine. 

1. Erichsen, J. E.: On the Influence of the Coronary Circulation on the 
Action of the Heart, London M. Gaz. 2:561-564, 1842. 

2. Panum, P. L.: Experimentelle Beitrage zur Lehre von der Embolie, 
Virchows Arch. f. path. Anat. 25:433-530, 1862. 

3. von Bezold, A., and Breymann, E., 1867, cited by Porter.1% 

4, Samuelson, B.: Ueber den Einfluss der Coronar-Arterien-Verschliessung 
auf die Herzaction, Ztschr. f. klin. Med. 2:12-33, 1880. 

5. Cohnheim, J., and von Schulthess-Rechberg, A.: Ueber die Folgen de: 
Kranzarterienverschliessung fiir das Herz, Virchows Arch. f. path. Anat. 85:503- 
537, 1881. 

6. Kolster, R.: Experimentelle Beitrage zur Kenntnis der Myomalacia cordis, 
Skandinav. Arch. f. Physiol. 4:1-45, 1893. 

7. Baumgarten, W.: Infarction in the Heart, Am. J. Physiol. 2:243-269, 1899. 
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localization of infarction corresponded to the anatomic distribution of 
the arteries, but Hirsch and Spalteholz* (1907), in a revolutionary 
paper, reported that there was no mortality following the ligation of the 
anterior descending artery in 8 dogs and 2 apes and that the region of 
infarction was smaller than the region supplied by this vessel. Miller 
and Matthews ® (1909), with the animals under ether anesthesia, were 
often able to ligate any one of the large coronary branches without 
immediate mortality, which is in striking contrast to the results reported 
by Cohnheim and von Schulthess-Rechberg and by Porter *° (1894). 

Karsner and Dwyer ** (1916) further studied myocardial infarction 
and drew attention to the irregular edge of the infarct as a probable 
indication of collateral circulation. Smith*? (1918), in electrocardio- 
graphic studies of coronary occlusion, ligated large coronary branches. 
with a relatively small mortality. 

The accompanying table shows some of the results of experimental 
coronary occlusion. As the experiments were arranged for different 
purposes, as different anesthesias and varying methods of insufflation 
were used and as vessels probably were tied in different locations, a great 
variability in results is to be seen. It is unlikely that the heart exposed 
for hours would react similarly to one exposed for a few minutes in a 
rapidly executed surgical operation. Further clarification of differences 
in results is to be attributed to the work of Otto ** (1927), who showed 
that if the sympathetic nerves were intact the heart fibrillated after 
coronary occlusion, while if they had been cut an hour previous to the 
occlusion the heart dilated and stopped in diastole. A decrease in 
immediate mortality following ligation of coronary arteries after stellate 
ganglionectomy has been noted by Coelho and Rocheta ** (1929), Leriche 


8. Hirsch, C., and Spalteholz, W.: Coronararterien und Herzmuskel: Anato- 
mische und experimentelle Untersuchungen, Deutsche med. Wchnschr. 20:790-795 
(May 16) 1907. 

9. Miller, J. L., and Matthews, S. A.: Effect on the Heart of Experimental 
Obstruction of the Left Coronary Artery, Arch. Int. Med. 3:476-484 (June) 1909. 

10. (a) Porter, W. T.: On the Results of Ligation of the Coronary Arteries, J. 
Physiol. 15:121-138, 1894; (b) Further Researches on the Closure of the Coronary 
Arteries, J. Exper. Med. 1:46-70, 1896. 

11. Karsner, H. T., and Dwyer, J. E.: Studies in Infarction: IV. Experimental 
Bland Infarction of the Myocardium, Myocardial Regeneration and Cicatrization, J. 
M. Research $34:21-39 (March) 1916. 

12. Smith, F. M.: The Ligation of the Coronary Arteries: An Electrocardio- 
graphic Study, Arch. Int. Med. 22:8-27 (July) 1918. 

13. Otto, H. L.: Ueber die Beziehungen der Accelerantes zu den Folgen der 
Unterbindung von Coronargefassen, Arch. f. d. ges. Physiol. 217:528-530, 1927: 
The Extracardial Nerves: IV. An Experimental Study of Coronary Obstruction, 
Am. Heart J. 4:64-71 (Oct.) 1928. 

14. Coelho, E., and Rocheta, J.: Recherches électrocardiographiques sur la 
ligature des artéres coronaires chez le chien, Compt. rend. Soc. de biol. 102:203- 
205, 1929, 
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id Fontaine *® (1933), Cox and Robertson ?* (1936) and Schauer, 
‘ross and Blum *? (1937). 
RICARDIAL ADHESIONS AS A SOURCE OF BLOOD SUPPLY TO THE HEART 

Thorel ** (1903) suggested that in a case of closure of both coronary 
irteries the heart might have received a blood supply through vessels 
n pericardial adhesions. Merkel *® (1907) referred again to the pos- 
sibility of blood entering the heart through adhesions, but in neither of 
these instances did the discussion go beyond the suggestion of that 
possibility. 

Moritz, Hudson and Orgain *° (1932) demonstrated in 4 hearts with 
partial or complete obliteration of the pericardial sac by fibrous adhesions 
that after injection of the coronary arteries with a colloidal suspension 
of lampblack there was rich injection of the vessels of the parietal peri- 
cardium in all cases. In none of the 4 cases were the coronary arteries 
significantly diseased. 

After the observations of Moritz, Hudson and Orgain, Beck and 
Tichy ** reported that in February 1932 they had begun experiments in 
which adhesions of the heart to various structures were produced and 
the vascularization was studied by the injection of an aqueous solution 
of ferric ferrocyanide. Portions of the parietal pericardium, mediastinal 
tissues, omentum and skeletal muscle were used as grafts on the heart. 
The following main conclusions were reached: (1) Total occlusion of 
the right coronary artery or partial occlusion of several coronary vessels 
was better tolerated if, through adhesions, a collateral vascular bed had 
been prepared for the heart; (2) in only a few experiments did infarc- 


tion supervene when pericardial adhesions had been previously produced, 
and (3) vascularization from a collateral bed varied more or less directly 
with the extent of the constriction of the main coronary vessels. The 
authors emphasized that in one of the experiments about 85 per cent 


15. Leriche, R., and Fontaine, R.: Chirurgie des nerfs du coeur, Acta chir. 
Scandinav. 70:260-284, 1933. 

16. Cox, W. V., and Robertson, H. F.: Effect of Stellate Ganglionectomy on 
the Cardiac Function of Intact Dogs and Its Effect on the Extent of Myocardial 
Infarction and on Cardiac Function Following Coronary Artery Occlusion, Am. 
Heart J. 12:285-300 (Sept.) 1936. 

17. Schauer, G.; Gross, L., and Blum, L.: Hemodynamic Studies in Experi- 
mental Coronary Occlusion: Stellate Ganglionectomy Experiments, Am. Heart J. 
14:669-676 (Dec.) 1937. 

18. Thorel, C.: Pathologie der Kreislauforgane, Ergebn. d. allg. Path. u. path. 
Anat. 91:559-1116, 1903. 

19. Merkel, H.: Zur Kenntnis der Kranzarterien des menschlichen Herzens, 
Verhandl. d. deutsch. path. Gesellsch. 11:127-131, 1907. 

20. Moritz, A. R.; Hudson, C. L., and Orgain, E. S.: Augmentation of the 
Extracardiac Anastomoses of the Coronary Arteries Through Pericardial Adhesions, 
J. Exper. Med. 56:927-931 (Dec.) 1932. 

21. Beck, C. S., and Tichy, V. L.: The Production of a Collateral Circulation 
to the Heart: I. An Experimental Study, Am. Heart J. 10:849-873 (Oct.) 1935. 
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of the total cross sectional area of both coronary arteries was shut off 
with maintenance of the animal’s health. 

Some modifications of these conclusions were published by Mautz 
and Beck,”* particularly in respect to the inherent ability of anastomotic 
channels in the heart to enlarge and prevent infarction when a large 
coronary branch was slowly occluded. However, they expressed the 
opinion that in some instances, in which the potentialities of the collateral 
vessels in the heart were not as great, there existed a favorable gradient 
of pressure across the newly formed vessels in the adhesions and that 
these enlarged and persisted, to function as carriers of blood to the 
heart. 

O’Shaughnessy ** stated that in 1933 he had been attracted by the 
ability of the omentum to increase in vascularity and had begun a series 
of experiments on cats and dogs, in which pedicled omental grafts were 
applied to the heart. He reported that vascular communications arose 
between the omentum and the myocardium without destruction of the 
epicardium and irrespective of whether the coronary vessels were 
occluded. O’Shaughnessy placed considerable emphasis on experiments 
in which greyhounds that had been subjected to ligation of the anterior 
descending artery were apparently benefited in their tolerance to exercise 
by the application of an omental graft to the heart. 

Moia and Acevedo ** observed that when pericardial adhesions were 
produced between the heart and the mediastinum, the muscle tissue or 
the great omentum, vascular connections were produced. These com- 
munications appeared as early as two or three weeks after operation and 
were demonstrated by the injection of dye into the graft and its appear- 
ance in the coronary vessels. 

Lezius ** studied the vascularity of the adhesions between the lung 
and the heart. He observed that vascular connections were regularly 
produced and stated the belief that the blood flow was toward the myo- 
cardium. He expressed the opinion that hearts in which the right and 
left coronary arteries had been ligated remained completely efficient by 
reason of a Kardiopneumopexie, which supplied blood sufficient both in 
quality and in quantity. 


22. Mautz, R. R., and Beck, C. S.: Augmentation of Collateral Coronary Circu- 
lation by Operation, J. Thoracic Surg. 7:113-131 (Dec.) 1937. 

23. O’Shaughnessy, L.: An Experimental Method of Providing a Collateral 
Circulation to the Heart, Brit. J. Surg. 28:665-670 (Jan.) 1936: Surgical Treat- 
ment of Cardiac Ischaemia, Lancet 1:185-194 (Jan. 23) 1937. 

24. Moia, B., and Acevedo, H. J.: El tratamiento quirtigico de Ja insuficiencia 
coronaria por la provocacién artificial de una circulation colateral al coraz6n, Rev. 
argent. de cardiol. 3:225 (July-Aug.) 1936; abstracted, Ztschr. f. Kreislaufforsch. 
29:703-704 (Sept. 15) 1937. 

25. Lezius, A.: Die anatomischen und funktionellen Grundlagen der kiinstlichen 
Blutversorgung des Herzmuskels durch die Lunge bei Coronararterienverschluss, 
Arch. f. klin. Chir. 191:101-139, 1938. 
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Grassi ** studied the results of placing muscle grafts on the hearts 
of rabbits. In the majority of his experiments the left coronary artery 
was ligated at the same operation. Vascular communications were 
lemonstrated, and he apparently concluded that the reestablishment of 
the cardiac circulation was through utilization of these vessels in the 


pericardial adhesions. 


CRITICAL ANALYSIS OF THE LITERATURE 

Many of the facts pertaining to the possible function of adhesions 
as a mechanism of blood supply require more intense scrutiny. In par- 
ticular, it is essential that the differentiation between the presence of 
vascular connections and the actual blood flow should be further clarified. 
This potential blood supply, seen most dramatically when pericardial 
adhesions are separated in the operating room, awaits proof of its 
adequacy and the direction of flow of the blood. 

For the enlargement of collateral channels, it would seem a requisite 

that a gradient of pressure across them should exist. In theory, if the 
vascular network produced in the healing process between the heart and 
another tissue is to persist and to form enlarging collaterals, the coronary 
vessels would need to be constricted. Beck and Tichy ** and Mautz and 
3eck ** expressed the belief that the results of their experiments were 
entirely in support of this supposition. With the coronary vessels intact, 
it is theoretically possible that in the period of isometric contraction 
and in the fraction of a second between the rise of systolic pressure in 
the coronary and that in the peripheral arteries conditions might be 
favorable for blood to flow away from the heart. 

It has been stated that when the coronary vessels were constricted to 
a certain extent the coronary flow was similarly diminished. This must 
be an erroneous assumption, particularly when the length of the con- 
striction is small. Mann, Herrick, Essex and Baldes 27 have shown that 
the internal diameter of a vessel may be decreased to half its original 
diameter over a distance of 8 to 10 mm. without a significant reduction 
in the volume of blood passing through the vessel. 

Robertson ** expressed the opinion that in successive operations he 
was finally able to tie off the trunks of the main vessels, an operative 
feat which is somewhat open to question. He concluded that a number 


26. Grassi, A.: Contributo sperimentale allo studio del ristabilimento della 
circolazione cardiaca a mezzo di muscolo vitale previa legatura delle coronaire, 
Arch. ital. di chir. 47:234-252, 1937. 

27. Mann, F. C.; Herrick, J. F.; Essex, H. E., and Baldes, E. J.: Effect on 
Blood Flow of Decreasing Lumen of Blood Vessel, Surgery 4:249-252 (Aug.) 
1938. 

28. Robertson, H. F.: The Reestablishment of Cardiac Circulation During 
Progressive Occlusion of the Coronary Arteries: An Experimental Study on 
Dogs, Am. Heart J. 10:533-541 (April) 1935. 
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of hearts were nourished through pericardial adhesions and that he sa 
regions of heart muscle “obviously infarcted” after separation of th 
adhesions. What would be the appearance of the heart leading to sucl 
a conclusion is not readily conceived. 

O’Shaughnessy,”* in his illustration of perfusion of an omental graft, 
showed surprisingly large quantities of the perfusate issuing from the 
aorta, but no actual figures for the quantity were given. 

Lezius *° showed convincing roentgenograms of hearts after injection 
through the pulmonary artery, the most important part in the procedurs 
being the use of a capillary-passing substance, a colloid suspension of 
thorium dioxide. His experiments, designed to show the direction of 
flow in the pulmonary-cardiac adhesions, seem inconclusive. He stated the 
belief that in 2 instances ligation of the main bronchus, including the 
bronchial arteries, rendered the graft ineffective. 

It is not my intention in this paper to discuss the results of the opera- 
tions for coronary sclerosis in man. The preliminary reports of Beck,”° 
of Beck and Tichy,”* of Feil and Beck,*° of O’Shaughnessy,”* of Davies, 
Mansell and O’Shaughnessy,** of Griffith and Bates ** and of Moia and 
Acevedo ** may be mentioned, and the final complete reports of the 
patients whose condition has been bettered will be most interesting. 


ANATOMIC RELATIONS OF THE CORONARY ARTERIES OF THE DOG 


While the general configuration of the coronary architecture in the 
dog has long been known, certain variations from the human arrange- 
ment have not always received sufficient emphasis. The coronary vessels 
in the dog’s heart were restudied by dissection and by roentgenographic 
methods; the observations were similar in general to those of Baum- 
garten,” of Spalteholz,** of Meek, Keenan and Theisen ** and of 
Moore.*® 


29. Beck, C. S.: Further Data on the Establishment of a New Blood Supply 
to the Heart by Operation, J. Thoracic Surg. 5:604-611 (Aug.) 1936. 

30. Feil, H., and Beck, C. S.: The Treatment of Coronary Sclerosis and 
Angina Pectoris by Producing a New Blood Supply to the Heart, J. A. M. A. 
109:1781-1786 (Nov. 27) 1937. 

31. Davies, D. T.; Mansell, H. E., and O’Shaughnessy, L.: Surgical Treat- 
ment of Angina Pectoris and Allied Conditions, Lancet 1:1 (Jan. 1); 76 (Jan. 8) 
1938. 

32. Griffith, G. C., and Bates, W.: Heart Surgery: Ventricular Perforation in 
Transplanting a New Blood Supply, Internat. Clin. 2:17-28 (June) 1938. 

33. Spalteholz, K. W.: Die Arterien der Herzwand: Anatomische Unter- 
suchungen an Menschen- und Tierherzen nebst Erérterung der Voraussetzungen 
fiir die Herstellung eines Kollateralkreislaufes, Leipzig, S. Hirzel, 1924. 

34. Meek, W. J.; Keenan, M., and Theisen, H. J.: The Auricular Blood 
Supply in the Dog: General Auricular Supply with Special Reference to the Sino- 
Auricular Node, Am. Heart J. 4:591-599 (June) 1929. 

35. Moore, R. A.: The Coronary Arteries of the Dog, Am. Heart J. 5:743- 
749 (Aug.) 1930. 
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It is deemed desirable to draw attention again to certain features. 
e left coronary artery divides within 2 to 4 mm. into its descending 


d its circumflex branch, making experimental occlusion of its main 


tem practically impossible. A large septal branch arises from the region 

bifurcation and runs backward and to the right into the muscular 
eptum. The diameter of this vessel is usually about two-thirds that of 
the anterior descending branch, but in occasional instances it may be as 
large as the latter. : 


Superior 
ct ya ca SY Superion 
st vO. vena cava 


(Right 


Right! vent ricie 


ventricle 


Superior 
Veria cava 


Left 
_.pulmonar 
Re artery Y 


A. Tz ‘auricle 


Right--- 
ventricle 


D 
Fig. 1.—Dog’s heart, showing distribution of the coronary arteries. A, anterior 
aspect; B, posterior aspect; C, schematic drawing of the origins of the vessels, 
showing an accessory right coronary artery, the origin of the septal branch and 
the numerous small branches arising in the first portions of the arteries; D, acute 
marginal aspect, and E, view of the course of the septal branch as seen by opening 
the right ventricle and partially dissecting the septum. 


The posterior descending artery is derived uniformly from the left 
circumflex vessel. There is generally a variably sized vessel, arising 
from the anterior descending artery, which crosses the anterior inter- 
ventricular groove and runs downward on the right ventricle, parallel to 
its parent vessel. 

The auricular branches show considerable variability, but the left 
proximal branch and the right distal branch are generally the largest and 
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the most constant. Occasionally, a branch from the middle portion of 
the right coronary artery seems to replace the distal branch as respects 
size and distribution (fig. 1). 

The anastomoses between the coronary vessels are readily demon- 
strated to be numerous, as has been stated by Spalteholz** and by 
Moore.** The anastomosis of the left proximal and the right distal 
auricular branches in the region of the ostium of the superior vena cava 
has been a constant observation. While innumerable anastomotic chan- 
nels can be demonstrated on the surface of the heart when the coronary 
arteries are injected with india ink (fig. 2), only a small proportion of 
these have appeared on the normal heart when the injection mass has 
contained barium sulfate (plain suspension or Gross’s *° or Schles- 





Fig. 2.—Anterior and obtuse marginal aspects of a normal dog’s heart, showing 
anastomoses, after injection of a mixture of agar and india ink. 


inger’s *7 mixture). More numerous collateral channels are visible on 
the anterior surface, since posteriorly the large coronary branches pass 
into the myocardium more rapidly. Though the muscle bundles have 
not been dissected out, it has been difficult to believe from this study 
that they could have a specific blood supply. 

When the heart in situ was injected with india ink, small anastomotic 
channels leaving the heart along the pulmonary veins and superior vena 
cava, and to a lesser extent along the inferior vena cava, were readily 
demonstrated. The vasa vasorum of the aorta were also injected, and 
in 1 instance, in an injection of a right accessory coronary artery, the 


36. Gross, L.: The Blood Supply to the Heart in Its Anatomical and Clinical 
Aspects, New York, Paul B. Hoeber, 1921. 

37. Schlesinger, M. J.: An Injection Plus Dissection Study of Coronary Artery 
Occlusions and Anastomoses, Am. Heart J. 15:528-568 (May) 1938. 
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iaterials flowed from a large vasa vasorum about 4 cm. above the aortic 
rifice. These observations are in accord with those of Spalteholz,** of 
Woodruff #8 and of Hudson, Moritz and Wearn.*® 


REESTABLISHMENT OF THE CIRCULATION AFTER CORONARY OCCLUSION 

For observations on the development of both intracardiac and extra- 
cardiac anastomoses it would be ideal to have a method by which vessels 
could be slowly occluded over much of their length. Such an ideal has 
not been achieved, and it is necessary to preface the reports on the 
experiments with the statement that if one had had a perfect method 
of producing a replica of coronary disease, it might have been observed 
that the anastomotic vessels had different arrangements, and perhaps that 
the extracardiac supply was more greatly augmented. 

In one series of experiments, constricting collars, having an internal 
diameter of 1.5 to 2.5 mm. and a length of 6 to 8 mm., were placed on 
the three main coronary vessels in two operations, about two weeks apart. 
In the animals that survived the first week, no evidence of any disability 
was manifest, and their tolerance to exercise on a sloping treadmill 
seemed equal to that of normal animals. Three animals died suddenly 
in the period from the third to the fifth day, at a time when they were 
active and showed every evidence of excellent recovery from the opera- 
tion. At autopsy the lumens of the constricted vessels were patent and 
myocardial infarction was absent. 

In some instances silver clips were used to constrict the coronary 
vessels, and unless the constriction was originally severe, the stenosis did 
not progress. It was thought possible that different types of metal might 
produce a greater tissue reaction, as has been indicated by the study of 
the reaction of tissue to metal prostheses in bone surgery (Venable, 
Stuck and Beach *°). Clips of silver, aluminum, copper, steel and nickel 


were used, without any constant difference in the extent of tissue 
reaction. When two metals were used close together in a constricting 
collar, there was an increased proliferation of fibrous tissue, and small 


necrotic foci were seen microscopically. In 1 instance a localized focus 
of necrosis in the arterial wall with acute thrombosis of the vessel was 
observed, but this was a curiosity. As a rule, in spite of inflammatory 
tissue around the vessel having a radius up to 1 cm. there was no evidence 
of progression in the constriction. The observations on the use of metal 


38. Woodruff, C. E.: Studies on the Vasa Vasorum, Am. J. Path. 2:567-569, 
(Nov.) 1926. 

39. Hudson, C. L.; Moritz, A. R., and Wearn, J. T.: Extracardiac Anastomoses 
of the Coronary Arteries, J. Exper. Med. 56:919-925 (Dec.) 1932. 

40. Venable, C. S.; Stuck, W. G., and Beach, A.: The Effects on Bone of the 
Presence of Metals, Based upon Electrolysis: An Experimental Study, Ann. Surg. 


105:917-938 (June) 1937. 
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bands are in accord with those of Halsted,*t who, having placed con 
stricting bands on the aortas of dogs, found that it was only when th 
lumen was almost, but not quite, occluded by the band that complete 
occlusion subsequently occurred. 

With simple constrictions of the coronary vessels, there was fre 
quently demonstrable a cuff of vessels bridging the constriction. These 
vessels lay in the fat of the auriculoventricular groove and, micro- 
scopically were seen to be small, thick-walled arteries. In some instances 
in which the proliferation of fibrous tissue was extensive, small, newly 
formed vascular channels acted as bridges across the constriction. 

For the production of chronic occlusion, a method was evolved which 
proved more efficacious than any other. If a constricting collar of one 














Fig. 3—Two hearts after occlusion of the circumflex branch of the left coronary 
artery: A, after acute ligation; B, chronic occlusion accomplished by metal collar 
which has completely sloughed out. In the heart shown in A there was a myocardial 
scar in the posterior wall of the left ventricle, but in that shown in B the myo- 
cardium of all the ventricular walls was normal. Note the auricular and ventricular 
anastomoses in B. The arrows indicate the points of occlusion. 


metal or of a combination of metals was placed on a vessel and was 
loosely attached to a rib with a linen thread, it was found that complete 
obstruction of the vessel would occur in many instances without the 


production of myocardial infarction (figs. 3 and 4). If severe constric- 


41. Halsted, W. S.: The Results of Complete and Incomplete Occlusion of the 
Abdominal and Thoracic Aortas by Metal Bands, J. A. M. A. 47:2147-2148 (Dec 
29) 1906. 
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tion of the coronary artery had been produced, it was found that ligation 
could later be carried out with minimal infarction (fig. 4). 

By the combination of these methods, the right coronary artery and 
the circumflex and anterior descending branches of the left coronary 
artery have been occluded in successive stages without the production 
of infarction and with the maintenance of normal cardiac function 


(fig. 5). 





Fig. 4—Two hearts after ligation cf the anterior descending branch of the left 
coronary artery, (A) without a preceding period of constriction and (B) after a 
preceding period of constriction. Both animals recovered completely. There was 
a large myocardial scar in the heart shown in A and in the heart shown in B a very 
sinall one. In A the right coronary artery has also been ligated; in B a branch 
on the obtuse margin has been ligated, and constricting clips have been placed 
on the right coronary artery. In A the arrow indicates the point of ligation; in 
B the upper arrow indicates the constricting collar, and the lower arrow, the 
point of ligation. 


In dogs that have survived the immediate effect of ligation of the 
anterior descending branch or the circumflex branch, there is little or no 
evidence of cardiac disability after the infarct has healed. The scar of 
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the previous infarction varies greatly in size and rarely involves the 
whole thickness of the wall; more often the wall retains some myocardial 
tissue, particularly toward its outer surface. When the left circumflex 
branch has been ligated and the dog survives, the resulting infarction 
severely involves the posterior papillary muscle, which has been observed 


to be completely infarcted and on one occasion ruptured, and as a 


late result to be represented only by a small scarred mass, to which the 
chordae tendineae were attached. 

In rare instances, a dog may survive acute ligation of the anterior 
descending, circumflex and right coronary arteries, when these are not 
tied too close to their origins, in successive operations. One such dog 
seemed to be capable of normal activity in spite of two large scars in 
the left ventricle, which were observed later on postmortem examination 
(fig. 6). 


Fig. 5.—Two hearts that had recovered from occlusion of the right coronary 
artery and of the circumflex and anterior descending branches of the left coronary 
artery. In A the arrows indicate where the right coronary artery and the cir 
cumflex branch of the left coronary artery had been occluded by metal bands and 
where the anterior descending branch of the left coronary artery had been ligated 
In B the arrows indicate where the right corenary artery had been destroyed by 
metal bands, where the circumflex branch of the left coronary artery had beet 
occluded by a band, which had sloughed away, and where the descending branch 
ot the left coronary artery had been ligated after a period of constriction by a 
metal band. No macrosccpic scar was observed in either heart. Microscopically, 
small regions of fibrosis in the anterior wall of the ventricle were seen in the 
heart shown in A; normal myocardium was observed in the heart shown in B. 


SITES OF ANASTOMOSES 
In experimental occlusions of the coronary arteries, it is axiomatic 
that the peripheral portion of the occluded vessel will be utilized in the 
reestablishment of the blood flow. When either the circumflex or the 
anterior descending branch is occluded thé main site of anastomosis is 
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sually on the surface of the left ventricle. When the circumflex 
ranch has been obstructed a large anastomotic channel may sometimes 
he demonstrated between the right coronary and the left circumflex 
artery, at the crux of the heart (fig. 7), designated by Kugel *? as that 
portion of the heart in which the two auricles and the two ventricles 
meet. Usually the anastomoses in this region are very small and play 
a negligible role in the collateral circulation (fig. 8). With occlusion 








Fig. 6—A heart after successive ligations of the right coronary artery and 
of the circumflex and anterior descending branches of the left coronary artery, 
with recovery. In the cross sections the posterior wall of the ventricle ilies to the 
left. Note the complete injection of the arterial tree. Note maintenance of the 
thickness of the ventricular wall in spite of the scars of the infarcted regicns. 


of the anterior descending artery, the anterior branches from the right 
coronary artery are frequently enlarged but rarely show communications 
with the anterior descending artery that will contain a barium mixture. 
With occlusion of the right coronary vessel, except for the auricular 


42. Kugel, M. A.: Anatomical Studies on the Coronary Arteries and Their 
Branches: I. Arteria Anastomotica Auricularis Magna, Am. Heart J. 3:260-270 
(Feb.) 1928. 
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Fig. 7—A heart after injection of the right coronary artery only. Previously 
there had been produced chronic complete occlusion of the circumflex branch of 
the left coronary artery and ligation of the anterior descending branch. No gross 
myocardial scar was present. An unusually large anastomotic branch at the crux of 
the heart is evident. R.C., indicates the right coronary artery; L.C., the circumflex 
branch of the left coronary artery; A.D., the anterior descending branch, and A., 
anastomsis. 


Fig. 8—Region of the crux of 3 hearts, 2 of which have been subjected to 
chronic occlusion of the circumflex branch of the left coronary artery and 1 of 
which has recovered from ligation of the same vessel. The arrows indicate the 
small anastomoses that usually occur in this region. 
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communications and the occasional presence of a large anastomotic 
essel at the crux, it is more difficult to demonstrate anastomoses by 
barium mixtures, but enlarged vessels passing to the right coronary 


artery from the anterior descending branch are readily seen after injec- 


tions of india ink. 

As the anastomotic channels are placed in regions which can readily 
be shown to contain small communicating branches in the normal 
heart, it is evident that the connections develop from preexisting vessels. 
Apparently, the main site of these connections depends on the vagaries 
in the development of the coronary vessels, and the communications 
which are congenitally the largest will far outstrip other potential com- 
municating vessels in the supply of a collateral circulation. Thus, while 











Fig. 9—A heart after acute ligation of the septal branch (middle arrow), 
chronic occlusion of the right coronary artery (left arrow), ligation preceded by 
constriction of the anterior descending branch of the left coronary artery (right 
arrow) and ligation of the posterior descending branch of the left coronary artery. 
No macroscopic scar was observed in the heart. Note the tortuous septal anas- 
tomoses. 


in most instances the largest anastomotic vessels are found over the 
apex of the left ventricle (fig. 4 B), in some instances a large anastomotic 
channel may be present on the auricles (fig. 3B), or more rarely at the 
crux of the heart (fig. 7) or in the substance of the septum (fig. 9). 

That the hearts in which the three main branches were occluded 
were nourished through the main coronary stems is indicated by the 
complete injection of the coronary tree through the coronary ostiums 
(figs. 5 and 6) and is substantiated by the fact that the heart functioned 
normally in a heart-lung experiment. 
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EFFICACY OF TISSUE GRAFTS AS A NEW SOURCE OF BLOOD SUPPLY TO 
THE HEART 
Since, as has been shown, the main coronary vessels could be severel: 
constricted or occluded experimentally without disturbance of the cardiac 
function, it was necessary to set up different criteria of the efficacy of 
tissue grafts as blood carriers. 
The following questions were subjected to scrutiny: 
Would the presence of pericardial adhesions or tissue grafts on the 
heart with intact coronary arteries prevent or mitigate the severity 
of myocardial infarction after coronary ligation? 
Would the injection of tissue grafts and histologic study of the 
adhesions support the view that these were adequate to carry any 
considerable volume of blood? 
In a condition in which the coronary arteries were chronically, 
occluded, would it be possible to demonstrate increasingly large 
collaterals through the graft? 

. If a graft had been in place on the heart during chronic occlusion 
of the main coronary arteries, would there be any disturbance of 
myocardial function after severing the stem of the graft? 

Under the same conditions as those mentioned in 4, could there be 
demonstrated any blood flow through the graft? 
Was there any evidence that the massive pericardial adhesions which 


were produced exerted any unfavorable effect on the function of 
the heart? 


Could the experimental results be used in support of or against 
clinical surgical applications? 
The foregoing questions were answered as follows: 

. It could not be demonstrated that pedicled grafts of pectoralis or 
latissimus dorsi muscle or of omentum had any beneficial effect in 
the prevention of infarction after ligation of the normally patent 
anterior descending artery when such grafts had been in place for 
from three weeks to nine months. One dog died on the operating 
table after ligation of this branch; 1 died suddenly twelve hours 
after the operation; 1 died of heart failure on the eighteenth day 
after operation, and 2 others which survived showed scars involving 
nearly the whole thickness of the ventricular wall (fig. 10). Small 
amounts of india ink could be shown to pass into the tissue of the 
graft when injected into the coronary arteries, but no barium mixture 
passed through the communications. 

2 and 3. In most instances the thin layer between the myocardium and 
the muscle graft was observed to contain vessels on histologic 
examination. While the previous presence of coronary constriction 
seemed to favor the injection of an increased amount of india ink 
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across the graft, this was not necessarily true. When thick sections 
of the myocardium and graft were dehydrated and cleared, the thin 
intervening layer appeared clear and avascular, even when both the 
heart and the graft were heavily loaded with india ink. In 2 hearts 
the graft was well injected with a suspension of barium sulfate 











Fig. 10.—Infarct in the myocardium and vessels in the pericardial adhesions 
and in the muscle graft. The deg died on the eighteenth day after ligation of the 
anterior descending branch of the left coronary artery. The muscle graft had been 
applied ten months previously. 


through the injection of the coronary vessels, but the communications 


through the region of the scar were not macroscopically distinct in 


the cleared specimens. 
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It was found that omental grafts formed adhesions to the heart 
that were readily separable, and that if no injury was done to th 
epicardium, adhesions were often completely absent. When adhesio1 
were present and injections of india ink were made into the omentum, 
small vessels entering the heart and filling the coronary arteries were 
sometimes seen. These small vessels, which were few, were readily 
observed in cleared specimens. No increase in vascularization was 


seen after progressive coronary occlusion, and in only 1 instance did 
a small amount of the suspension of barium sulfate enter any of the 
coronary arteries when this material was injected into the omental 


grait. 

In 3 dogs with muscle grafts and in 3 with omental grafts on their 
hearts, in which occlusion of the three main coronary vessels had 
been produced, the grafts were cut extrathoracically. Except for 
1 dog that died of operative pneumothorax, recognized too late for 
resuscitation, the animals were in no way inconvenienced by section 
of the graft; their tolerance to work on the inclined treadmill was 
unchanged, and there were no electrocardiographic changes to 
indicate loss of blood supply to the myocardium. 

No significant volume of blood could be demonstrated to flow 
through the pericardial adhesions. When a heart-lung preparation 
was made with the organs in situ, and the thoracic and abdominal 
parts of the aorta were separately perfused with a 30 per cent 
mixture of blood in Ringer’s solution and colored with blue azo dye, 
small amounts of the dye might appear in the blood expelled by the 
heart. By comparing the color of the supernatant fluid of a centri- 
fuged specimen of the blood ejected by the heart, before any 
recirculation has occurred, with that of serial dilutions of the 
perfusate entering the systemic arteries, the amount of fluid entering 
the heart through the extracardiac anastomoses may be estimated. 
In all the heart-lung experiments the perfusing pressure into the 
grafts was kept at values between 110 and 130 mm. of mercury, 
while the peripheral resistance in the heart-lung circuit was varied 
from 60 to 80 mm. 

In preparations in 3 normal animals, dye was recognized in the 
cardiac output in 2 animals, and quantitatively amounted to a flow 
of from 0.5 to 2 cc. per minute. In 1 animal with a muscle graft 
and intact coronary vessels, the flow amounted to from 2 to 3 cc. per 
minute, and in 1 animal with an omental graft and intact coronary 
vessels it amounted to from 2 to 4 cc. per minute. By this method 
it could not be shown that there was any increase in flow through the 
adhesions in cases of constriction or occlusion of the coronary arteries. 

In 2 preparations in which the three main branches of the coronary 
arteries were occluded, no dye at all could be recognized in the cardiac 
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output. The grafts had been in place and the coronary arteries had 
been progressively occluded over periods of from nine to twenty 
months. 

The pericardial adhesions that were produced seemed to exert no 


harmful effect on the heart. Hypertrophy was seen in only 1 


animal. This animal, after having had seven intrathoracic opera- 
tions, appeared perfectly well, but when it was finally killed, the right 
ventricular wall was observed to be definitely thickened, measuring 
0.6 to 1 cm. In 3 instances, dogs died with congestive heart failure 
within two weeks after operation when muscle grafts had been 
extensively stitched to the right ventricle. If, however, grafts were 
loosely applied to this ventricle, firm adhesions developed, and the 
operation was withstood as well as operations on the left ventricle. 
Records of blood pressure obtained by the Hamilton technic, with 
simultaneous respiratory tracings, showed no pulsus paradoxus; the 
venous pressures were normal, and tolerance to exercise was normal 
in animals later shown to have extensive adhesions between the 
heart and the wall of the chest. 

It is difficult to make clinical application of conclusions drawn from 
animal experiments to a surgical operation designed to produce a 
blood supply to the heart. From the experiments in the present 
work, it seems that the heart of the healthy dog possesses a 
mechanism of collateral blood supply of great individual variability 
but of extreme competence if it is allowed to develop by reason of 
constriction or slow occlusion of major coronary vessels. The results 
reported do not necessarily vitiate the clinical applicability of this 
type of operation on the heart, but cause grave doubt concerning its 
experimental basis. It is believed that if many more experiments 
had been performed the possibility of enlargement of vessels in 
pericardial adhesions might have become a reality, but it is doubted 
whether any experiment could be devised in which the heart could 
be made to beat as a result of perfusion of pericardial adhesions. 


COM MENT 


It may be noted that in many ways the results of the operations on 
the present series of dogs are similar to those of Beck and Tichy.*? The 
main difference lies in the interpretation of the results, with the 
additional demonstration that hearts with the three main vessels occluded 
functioned well when supplied with blood through the coronary ostiums 
in heart-lung preparations. The behavior of healthy coronary arteries 
is not unlike that of the systemic arteries in that occlusion in any one 
region is readily bridged, if the occlusion does not occur too rapidly. 
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These statements are in accord with those of Mautz and Gregg * ar 
of Mautz and Beck,?* who observed large collaterals to chronicall 
occluded vessels, and with the results of Blum, Schauer and Calef, 
who found that in chronic occlusion of the anterior descending arte: 
of the dog no infarction occurred in many instances. It is believed that 


the last-named authors did not pay enough attention to the possibilit) 


that when infarction was present acute occlusion due to twisting of thi 
clamp might have occurred. 

It is believed that the experiments of Mann, Herrick, Essex and 
Baldes 77 on the maintenance of blood flow through constricted vessels 
explain why the hearts of many of the animals were not inconvenienced 
by constricting collars on the coronary vessels. 

The sudden death of the animals with constricted coronary vessels 
within a week of operation, has been thought to be due to ventricuiar 
fibrillation and to be analogous to the sudden death of some patients 
with coronary disease in whom an acute lesion is not observed on post 
mortem examination. 

The evident complete reestablishment of cardiac function after the 
healing of infarction in the experimental animal has not been stressed 
since the time of Hirsch and Spalteholz.* 

Knowledge of experimental occlusion of coronary vessels has 
progressed from the time when ligation of the vessels was found to 
be lethal, through stages of production of infarction and of recognition 
that the infarct was smaller than the region supplied by the ligated 
vessel, to the present, when it has been demonstrated that if occlusion 
occurs slowly myocardial injury may not result. 

As a rule, the dogs in the present series were not exercised during 
the first week after acute occlusion of their coronary vessels. This is 
to be noted, as Sutton and Davis *® have shown in studies of experi- 
mental myocardial infarction that if the animal is permitted to rest for 
a week after operation small firm scars without thinning of the ven 
tricular wall result, while if the animal is exercised a thin bulging scar 
is seen. 

In cases of injuries to the human heart, such as stab and _ bullet 
wounds, it has sometimes been necessary to ligate large coronary 
arteries. It is of considerable interest that in these human hearts, in 
which a coronary artery iad been ligated, if recovery from acute infarc- 

43. Mautz, F. R., and Gregg, D. E.: Dynamics of Collateral Circulation 
Following Chronic Occlusion of the Coronary Arteries, Proc. Soc. Exper. Biol 
& Med. 36:797-801 (June) 1937. 

44. Blum, L.; Schauer, G., and Calef, B.: Gradual Occlusion of a Coronary 
Artery: An Experimental Study, Am. Heart J. 16:159-164 (Aug.) 1938. 

45. Sutton, D. C., and Davis, M. D.: Effects of Exercise on Experimental 
Myocardial Infarction, Arch. Int. Med. 48:1118-1125 (Dec.) 1931. 





BURCHELL—CORONARY CIRCULATION 261 


n occurred, restitution of function was often complete. For a review 


these cases of cardiac injury with operative treatment, the report of 
ronwald *° is particularly instructive. 
Concerning the innocuous effect of pericardial adhesions, the present 
study confirms that of Hosler and Williams.‘* It was not possible to 
study the ratio of heart weight to body weight except in a few instances, 


as the heart and the tissues adherent to it were injected and fixed before 
study. Hermann and Musser ** have reported that adhesions resulted 
in an increase in this ratio, particularly if mediastinitis had been pro- 
duced as well. 

Observations that the uninjured epicardium may not form any 
adhesions to tissues placed on it are in agreement with those of Klose,*® 
who found that he could replace portions of the parietal pericardium 
with fat without the formation of adhesions. 

As previous investigators have pointed out, standardization of experi- 
ments dealing with repeated operations to occlude the coronary vessels 
is impossible, owing to anatomic variability in the arteries and unavoid- 
able variations in the operative procedures. In some instances, in which 
the heart had been subjected to several previous operations, identification 
of vessels was difficult ; and occasionally, when sutures were used to tie 
off regions in which a vessel was thought to lie, injection at a later date 
showed the vessel to be still patent. All the dogs were operated on under 
anesthesia induced with ether or intravenous injection of pentobarbital 
sodium (nembutal), and surgical technic was used throughout. The 
chest was usually entered through an intercostal incision. 

As has been mentioned in several places, the tolerance of the animals 
to exercise was tested on an inclined treadmill run by an electric motor 
at a constant rate. The animal, previously trained to run on the tread- 
mill, was allowed to run from twenty to thirty minutes at 3 miles (1.6 
kilometers) per hour on a slope of 25 degrees to the horizontal. While 
this may not be severe exercise, it has been believed to indicate good 
cardiac function and stamina. For 3 dogs with the three main coronary 
branches occluded, the test was altered by increasing the rate to 4.5 miles 
(7.24 kilometers) an hour and by decreasing the time to fifteen minutes, 
and these dogs behaved similarly to the normal kennel dogs. Two of 

46. Gronwald, G.: Ueber Spatfolgen nach Herzmuskel- und Coronargefass- 
verletzungen, Arch. f. klin. Chir. 174:249-280, 1933 

47. Hosler, R. M., and Williams, J. E.: A Study of Cardiopericardial Adhesions, 
J. Thoracic Surg. 5:629-640 (Aug.) 1936. 

48. Hermann, G., and Musser, J. H.: Experimental Pericarditis, Am. Heart J. 
4:268-279 (Feb.) 1929. 

49. Klose, H.: Die reine Synechie, und der plastische Ersatz des Herzbeutels: 
[. Chirurgisch-experimenteller Teil, Arch. f. klin. Chir. 117:138-148, 1921. 
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these animals received 1 cc. of pitressin intramuscularly ten minutes 
previous to the test, without any apparent decrease in their tolerance t 
the standard test as outlined in this paragraph. 


SUMMARY 

The anatomy of the coronary arteries in the dog is reviewed, wit! 
emphasis on the presence of a large septal branch and the free anast 
moses between the ventricular and the auricular coronary branches. 
Extracardiac communications on the great vessels at the base of the 
heart have been demonstrated without difficulty. 

Constriction of the main coronary vessels to an estimated 35 to 60 
per cent of their diameter over lengths of 7 mm. caused no disability 
if the animals recovered from the immediate effects of the operations. 
Ligation of severely constricted vessels could frequently be made without 
the production of infarction. Complete occlusion without the production 
of infarction has been accomplished by constricting metal collars which 
were loosely anchored to the wall of the chest. 

By these methods it has been possible to occlude the three main 
coronary branches in the dog without the production of infarction or 
demonstrable cardiac disability. Reestablishment of the circulation has 
occurred from the first branches of the coronary stems and by enlarge- 
ment of preexisting collateral channels. 

So far as these studies on coronary occlusion in dogs are concerned, 


the role played by vascular channels in pericardial adhesions in supplying 
blood to the myocardium has been minimal or nonexistent. The pos- 
sibility that the small vascular connections between a graft and the heart 
might develop to a functioning value cannot be denied, but in the experi- 
ments seemingly favorable to such a result it has not occurred. 





MECHANISM OF DIGITALIS ACTION IN 
ABOLISHING HEART FAILURE 


HARRY GOLD, M.D. 
AND 
McKEEN CATTELL, M.D. 


NEW YORK 


In a paper which we published recently,, we showed that digitalis 
exerts a direct action on the systolic force of mammalian cardiac 
muscle. Our preparation was the papillary muscle of the cat’s right 
ventricle immersed in Ringer’s solution. We measured tension with the 
isometric lever and recorded it photographically. Since the muscle was 
driven at a fixed rate, since there was no coronary circulation or sys- 
temic circulation and since the drug reversed the direction of failing 
systolic tension while the initial (diastolic) tension was maintained 
constant, we concluded that the digitalis glucosides increase the force of 
contraction of failing mammalian cardiac muscle by direct action on the 
muscle. This effect applies to all the digitalis glucosides which have 
been used: ouabain, digitoxin (Merck), digitalin (Nativelle) and 
digilanid C (Sandoz). Figure 1, reproduced from that paper, shows the 
essentials of the results. 

Since then we have explored the matter further. We have tested 
the effect of digitalis glucosides not only at optimum initial tension, but 
also at low and at excessive initial tensions. The muscle was made to 
work in blood and serum as well as in Ringer’s solution. We also 
recorded changes in initial tension as an expression of “tone” during 
the action of the glucosides. 

We found that the marked increase in the systolic force of contrac- 
tion which was originally obtained in Ringer’s solution also occurs 
when the muscle is immersed in blood and serum; that a similar effect 
is obtained when the muscle is operating at optimum initial tension and 


when it is inadequately stretched or overstretched, and that the direct 


From the Department of Pharmacology of Cornell University Medical College. 
A preliminary account of this work was presented at the International Physio- 
logical Congress in Zurich, Aug. 18, 1938 (Kongressbericht II des XVI. inter- 
nationalen Physiologenkongresses, Zurich, 1938, p. 183) 

1. Cattell, McK., and Gold, H.: The Influence of Digitalis Glucosides on the 
Force of Contraction of Mammalian Cardiac Muscle, J. Pharmacol. & Exper. 
Therap. 62:116, 1938. 
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action of the glucosides was one on systolic force and not on tone, { 
tone considered as initial tension did not change when the systolic for 
was mounting. 

Figure 2 illustrates the effect of one of the glucosides on the muscl 
in blood at optimum and at excessive initial tension. Figure 3 shows 
the effect of the glucoside simultaneously on the tone and on the 
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Fig. 1.—Effect of different concentrations of digitalis glucosides on systolic 


tension in the papillary muscle of the cat. 
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Fig. 2.—Effect of digitalis glucoside on papillary muscle contracting under 


optimum and under excessive diastolic tension. Papillary muscle of a cat in a 
chamber containing the cat’s defibrinated blocd was used. The weight of the 
muscle was 50 mg., and its resting length, 10 mm. At optimum stretch diastolic 
tension equaled 1.7 Gm. and systolic tension, 1.0 Gm. When the muscle was over 
stretched diastolic tension equaled 4.5 Gm. and systolic tension, 0.55 Gm. Records 
were taken at the two diastolic tensions alternately at five minute intervals, the 
shift to the new diastolic tension being made immediately after each tracing in 
order to allow about five minutes for attaining equilibrium at each tension before 
a record was made. 


systolic force of the muscle in blood serum. The marked increase in 
systolic force is not attended by any changes in tone. Figure 4 shows the 
type of records obtained in the experiments with the papillary muscle. 
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Fig. 3.—Effect of digitalis glucoside on “tone” and_ systolic Phe 
preparation consisted of a papillary muscle from the right ventricle ‘ 
chamber containing the cat’s serum. Resting length of the muscle, was 11.5 mm., 
ind its weight was 20 mg. The diastolic tension was 1.2 Gm. All the records of 


systolic tension were made at the constant diastolic tension of 1.2 


Gm. Tendency 

the muscle to increase cr decrease its diastolic tension was counteracted by 
allowing the muscle to lengthen or shorten as indicated in order to maintain a 
constant diastolic tension. These adjustments of the muscle length reveal, therefore, 
the tendency of the muscle to change its “tone” (diastolic tension) through 
out the experiment (upper line). Note that the muscle was capable of under- 
yoing changes in diastolic tension (tone) but failed to show any such changes 


ring the action of the glucoside on systolic tension 
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Fig. 4—Selected tracings from the experiment charted in figure 3, showing 
the type of record obtained in the experiments on papillary muscle. 
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A more detailed analysis of the action on muscle is provided by ; 
number of workers. Cattell * showed that under the action of digitalis 
striated muscle loses potassium, so that the effect may result from ; 
disturbance of mineral metabolism with relative increase of calcium. 
This hypothesis receives support from the subsequent finding by Wood 
and Moe®* of an increase of plasma potassium after therapeutic and 
toxic doses of digitalis glucoside in heart-lung preparations and from 
the report of Calhoun and Harrison,* who found that the cardiac muscle 
of dogs loses potassium after large doses of digitalis. Wedd * expressed 
the opinion that the release of potassium is a toxic phenomenon. Peters 
and Visscher * showed that under the action of digitalis heart muscle not 
only increases its total output of energy but utilizes energy more 
efficiently, converting a relatively greater amount into external work. 

Since all the effects we observed occurred with concentration of the 
drug well within the range of doses used in therapeutics, we consider 
it justifiable to make an application of the results of the studies on 
papillary muscle. We present the view that digitalis abolishes clinical 
heart failure by primary action on the heart muscle to increase the 
systolic force. 

That digitalis increases the contractility of the heart is generally 
known. Cohn and Stewart’? demonstrated it in the dog by means of 
the moving film. Starr and his collaborators * found that in man the 
constant effect of digitalis was to increase the ratio of work per beat 
to the size of the heart. On the basis of the change in this ratio they 
defined stimulation of the heart and their results showed that the drug 
produces the same effect on normal hearts as on those in failure. How- 
ever, the evidence for a primary action on systolic force was not con- 


2. Cattell, McK.: The Influence of Ouabain on the Contraction of Striated 
Muscle, J. Pharmacol. & Exper. Therap. 62:459, 1938. 

3. Wood, E. H., and Moe, G. K.: Studies on the Effect of the Digitalis Gluco- 
sides on Potassium Loss from the Heart of the Heart Lung Preparation, Am. J. 
Physiol. 123:219, 1938. 

4. Calhoun, J. A., and Harrison, T. R.: Studies on Congestive Heart Failure: 
IX. The Effect of Digitalis on the Potassium Content of he Cardiac Muscle of 
Dogs, J. Clin. Investigation 10:139, 1931. 

5. Wedd, A. M.: The Influence of Digoxin on the Potassium Content of 
Heart Muscle, J. Pharmacol. & Exper. Therap. 65:268, 1939. 

6. Peters, H. C., and Visscher, M. B.: The Energy Metabolism of the Heart 
in Failure and the Influence of Drugs upon It, Am. Heart J. 11:273, 1936. 

7. Cohn, A. E., and Stewart, H. J.: The Relation Between Cardiac Size and 
Output Per Minute Following the Administration of Digitalis in Normal Dogs, J. 
Clin. Investigation 6:53, 1928. 

8. Starr, I.; Gamble, C. J.; Margolies, A.; Donal, J. S., Jr.; Joseph, N., and 
Eagle, E.: A Clinical Study of the Action of Ten Commonly Used Drugs on 
Cardiac Output, Work and Size; on Respiration, on Metabolic Rate and on the 
Electocardiogram, J. Clin. Investigation 16:799, 1937. 
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clusive, because the experiments bearing on this matter were susceptible 
of alternative explanations. So little conviction did they carry that at 
present the most popular formulations as to how digitalis abolishes 
clinical heart failure take little cognizance of a primary action on systolic 
force and explain the increased force of the heart beat as the indirect 
result of other effects of digitalis, namely: (1) primary slowing of the 
rate; (2) primary action of increasing cardiac tone, that is, shortening 
he muscle so as to bring it to a more favorable length; (3) pooling of 
blood in the liver by primary constriction of the hepatic veins, thus 
lowering the venous pressure and relieving the overdistended heart, 
and (4) reducing the size of the heart that is overdilated to facilitate 
coronary flow. 

We may now proceed to consider the evidence bearing on the “rate” 
hypothesis, the “tone” hypothesis and the “liver” hypothesis of digitalis 


action. 


“RATE” HYPOTHESIS OF DIGITALIS ACTION 


Digitalis produces its most dramatic effects on the symptoms and 


signs of heart failure in patients with auricular fibrillation in whom 
I 


yronounced ventricular slowing occurs. This has given rise to the view 
hat slowing is the primary effect of the drug (depression of auriculo- 
ventricular conduction) and the cause of the improved cardiac function. 
Lewis (1919) ® attributed the therapeutic effects solely to slowing. The 
thoroughly controlled studies by Luten (1924) *° and Marvin (1927) ™ 
on groups of patients with regular sinus rhythm and heart failure with 
edema (especially in arteriosclerotic cardiac disorders) showed beyond 
reasonable doubt, however, that cardiac slowing is not essential to the 
therapeutic effect of digitalis. While in some of those cases in which 
the rate was rapid during the failure slowing took place simultaneously 
with improvement, in many others the rate was normal during the stage 
of failure and remained unchanged even during dramatic relief of the 
symptoms and signs of heart failure. 

In the normal animal the heart rate may speed up as high as 200 
a minute before the circulation begins to suffer (Wiggers, 1931). 
The critical level, however, is probably shifted by many factors, such 
9. Lewis, T.: On Cardinal Principles in Cardiological Practice, Brit. M. J. 
2:621, 1919. 

10. Luten, D.: Clinical Studies of Digitalis: I. Effects Produced by the Admin- 
istration of Massive Dosage to Patients with Normal Mechanism, Arch. Int. 
Med. 33:251 (Feb.) 1924. 

11. Marvin, H. M.: Digitalis and Diuretics in Heart Failure with Regular 
Rhythm, with Especial Reference to Importance of Etiologic Classification of 
Heart Disease, J. Clin. Investigation 3:521, 1927. 


12. Wiggers, C. J.: Physiologic Meaning of Common Clinical Signs and Symp- 
toms in Cardiovascular Disease, J. A. M. A. 96:603 (Feb. 21) 1931. 
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as the capacity of the muscle, possibly the character of the rhythm 


and the coronary blood supply. There is no way at present of determi: 
ing what rate is excessive in various conditions, but the view prevail 
that heart rates appreciably above normal are injurious to cardia 
contraction. 

We may present, therefore, some of the evidence against the a priori 
assumption that slowing the ventricular rate will improve the cardia 
function and abolish signs of heart failure: 

1. In the experiments with the papillary muscle we observed that 
increasing the rate of stimulation usually did not diminish but rathe: 
increased the force of the contraction, whether the rhythm was regular 
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Fig. 5.—Effect of rate on tension in papillary muscle. In experiments B and C 
the acceleration took place spontaneously ; in A it was induced by speeding up the 
electric stimulation. 


or irregular. This applied over a wide range of rates, from 50 to as high 
as 200 a minute. Figure 5 illustrates such experiments. Similar obser- 
vations have been made independently by Kruta ** (1937). 

2. It is well known that one physiologic response to physical stress 
is cardiac acceleration. When the stress is over the rate slows. Thi 


13. Stewart, H. J., and Cohn, A. E.: Studies on the Effect of the Action of 
Digitalis on the Output of Blcod from the Heart: II. The Effect on the Output 
of the Hearts of Dogs Subject to Artificial Auricular Fibrillation, J. Clin. Investi- 
gation 11:897, 1932. 

14. Kruta, V.: Sur l’activité rythmique du muscle cardiaque: I. Variations de 
la réponse mécanique en fonction du rythme, Arch. internat. de physiol. 45: 332, 


1937. 
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art rate of the average untreated patient with auricular fibrillation 
and heart failure is of the order of 130 or 140 a minute. If the rapid 

ite were embarrassing the heart and circulation, it is strange that the 
heart would not beat more slowly, since the ventricle in most cases 
of auricular fibrillation obeys the same laws which regulate the normal 
sinus rhythm ; atropine accelerates the rate; the heart beats faster during 
effort ; it slows during rest ; and it is subject to physiologic vagal control. 
It seems justifiable to assume, therefore, that this rapid rate is, in many 
cases at least, a favorable adaptation to demands rather than the cause 
of failure. 

3. The very close association between weakness of the heart and 
cardiac slowing after ordinary therapeutic doses of digitalis and the 
resistance to slowing when the heart is not damaged strongly suggest 
that slowing by digitalis is in most cases secondary to primary improve- 
ment of the heart function. This point of view has been recently 
developed in interesting contributions by Luten*® and by Luten and 
Jeffreys.’® Additional evidence indicating that the vagal phase of slow 
ing by digitalis in cases of auricular fibrillation is secondary to improved 
function is presented in a study by Gold, Kwit, Otto and Fox."* 

‘hese lines of evidence leave scant support for the view that cardiac 
slowing is a primary action by which digitalis abolishes heart failure 
in the average patient with sinus rhythm or with auricular fibrillation. 


CARDIAC OVERDISTENTION AS A CAUSE OF FAILURE 


In heart failure blood tends to accumulate on the venous side of the 


pulmonary or the systemic circuit, depending on whether the failure is 


predominantly of the right or of the left ventricle. The resulting 
increase in the diastolic pressure in the ventricles stretches the muscle 
fibers, which, in accordance with Starling’s “law of the heart,” *® increase 
their energy output as they grow longer. The lengthening of the muscl 
fibers (enlargement of the heart) with the increase in the venous pres- 
sure must therefore be viewed as an adaptive mechanism by which the 
weakened heart muscle may boost its output of energy to meet the 
demands of the circulation. Heart muscle may be lengthened to a 

15. Luten, D.: The Relationship of Tachycardia to Cardiac Insufficiency, Am 
Heart J. 12:435, 1936. 

16. Luten, D., and Jeffreys, E. O.: The Clinical Significance cf Auricular 
Fibrillation, J. A. M. A. 107:2099 (Dec. 26) 1936. 

17. Gold, H.; Kwit, N. T.; Otto, H., and Fox, T.: Physiological Adaptations 
in Cardiac Slowing by Digitalis and Their Bearing on Problems of Digitalization 
in Patients with Auricular Fibrillation, J. Pharmacol. & Exper. Therap. 67:224, 
1939, 

18. Starling, E. H.: The Linacre Lecture on the Law of the Heart, Given at 
Cambridge, 1915, London, Longmans, Green & Co., 1918 





ARCHIVES OF INTERNAL MEDICINE 


critical point, however, beyond which further stretching tends to dimin 
ish the force of contraction. The belief prevails that in clinical heart 
failure dilatation may have proceeded to such an unfavorable degre 
as to embarrass the force of the heart’s contraction. From this the 
notion arises that the function of the heart will be improved if th: 
diastolic length is shortened so that the heart is no longer overstretched. 

The “liver” hypothesis and the “tone” hypothesis of digitalis action 
have one point in common; namely, both involve the assumption that 
in heart failure the cardiac muscle is overdistended, that the fiber has 
been stretched beyond the critical point and that if its diastolic length 
can be shortened its systolic force will increase. One of the views 
assumes that the shortening is brought about by direct action of digitalis 
on the diastolic size of the heart. The other assumes that the diastolic 
size of the heart becomes less because the venous pressure is lowered 
by pooling the blood in the liver. 

The first objection to these hypotheses is that there is no reason 
for supposing that the heart muscle is overstretched (overdilated cham- 
bers) in ordinary cases of heart failure. What is the pressure that will 
overstretch the heart muscle? The only pressure is the venous pressure, 
and its magnitude is not sufficient to cause overstretching of ventricular 
muscle. 

In experiments with the isolated papillary muscle we observed the 
well known phenomenon that as the length of the muscle is increased 
within a certain range the systolic tension rises and as the muscle is 
shortened the systolic tension falls. It is extremely difficult to over- 
stretch heart muscle. In our experiments with the papillary muscle 
as well as with strips of the right ventricle we observed that these 
muscles must be stretched by a force equal to or exceeding the systolic 
tension before they become overstretched, i. e., before the systolic tension 
begins to fall. Forces of that magnitude are not encountered in heart 
failure. Venous pressure in clinical heart failure is rarely as high as 
15 cm. of water, and even such high venous pressure is only about 25 
per cent of the systolic pressure in the right ventricle. Experimentally, 
therefore, heart muscle is not in an overstretched state when there pre- 
vail such high ratios of systolic to diastolic tension as occur in the 
average case of heart failure. 

The critical venous pressure in the dog has been placed between 
about 25 and 30 cm. of saline solution by Wiggers and Katz.’® Up to 
this level as the venous pressure was raised the cardiac discharge 
increased, but beyond it the heart began to fail and the discharge dimin- 
ished. 


19. Wiggers, C. J., and Katz, L. N.: The Contour of the Ventricular Volume 
Curves Under Different Conditions, Am. J. Physiol. 58:439, 1922. 
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We performed a series of 4 experiments on cats in the hope of 
rowing further light on the effect of high venous pressures on the 
ystolic force of the ventricle and the influence of raising and lowering 
lhe venous pressure during acute heart failure under these conditions. 

The cats were anesthetized with a solution of diallylbarbituric acid with 
ethyl carbamate (solution dial-ciba with urethane). Diastolic and 
systolic tensions in the left ventricle were recorded optically by a 
\WViggers modification of the Frank optical manometer. A cannula 
was inserted into the left auricle and connected to a reservoir by means 
of which venous pressure could be raised or lowered. Changes in 
pressure were recorded after complete occlusion of the ascending aorta 
close to the heart. Typical results are shown in figure 6. A rise of 
diastolic tension was always associated with increased force of the heart 
(increased systolic tension). In figure 6 B the ventricle became stronger 
even with such rises in diastolic tension as from 46.8 to 76 mm. of 
mercury, the latter corresponding to a venous pressure of 98.7 cm. 
of water. This diastolic tension was approximately one third of the 
systolic tension in the left ventricle. When the heart began to fail as 
the result of overwork and impaired circulation the systolic and 
diastolic pressures fell. The failing heart, however, obeyed the same 
law as it had in the normal state. With lowering of the venous pressure 
the force of contraction declined, and with raising of the venous pres- 
sure the force increased. Considering the failing heart as “over- 
stretched” in that state in which a reduction of the stretch increases its 
force of contraction, one notes that even under these extreme conditions 


of failure and high venous pressure the heart did not behave like an 


overstretched muscle. 

How some of these matters stand in man cannot be stated with cer- 
tainty. The importance of elevated venous pressure as an adaptive 
mechanism in clinical heart failure has been emphasized by several 
workers (Harrison *°; McMichael **). It has been pointed out by Alt- 
schule ** that normally a rise in venous pressure increases the cardiac 
output but that the high venous pressure in failure is associated with 
a diminished cardiac output. However, this difference may be only 
quantitative. McMichael ** secured interesting evidence in cases of 
heart failure in man to the effect that the failing heart does not behave 
like an overstretched heart and that its output differs only quantita- 
tively from the normal. In normal man a change from the erect to 

20. Harrison, T. R.: Failure of the Circulation, Baltimore, Williams & Wil- 
kins Company, 1935. 

21. McMichael, J.: The Output of the Heart in Congestive Failure, Quart. J. 
Med. 7:331, 1938. 

22. Altschule, M. D.: The Pathology of Chronic Cardiac Decompensation, 
Medicine 17:75, 1938. 
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the supine position causes a rise in the venous pressure, which in turn 
is attended by an increase in the cardiac output. McMichael found that 
diseased hearts become less susceptible to increments of venous pressure : 
such rises of venous pressure as occur with postural change produc 
progressively smaller increases in cardiac output as the heart fails. Even 
when the failure is fairly advanced and postural changes in venous pres- 
sure are ineffectual, however, the larger increase in venous pressure 
caused by exercise is attended by an increase in the cardiac output 
The study by McGuire, Shore, Hauenstein and Goldman ** also shows 
that even in patients with congestive heart failure exercise causes an 
increase in the cardiac output, although this increase is less than occurs 
in normal persons with similar exercise. The results of these studies in 
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Fig. 6.—Charts showing the typical effect of venous congestion on the force 
of contraction of a heart failing as the result of occlusion of the aorta. 


man are strikingly similar to those obtained in our experiments with the 
cat’s heart shown in figure 6. 

The view prevails that in heart failure the muscle in its resting period 
is lacking in fitness for its subsequent systolic contraction. The term 
“diminished tone (or tonus)” is applied to this lack of fitness, although 
there is no general agreement as to the physical or physiologic naturé 
of this property. It is commonly considered synonymous with elasticity 
in the sense of resistance to deformation (Henderson **). If tone of 
heart muscle is so regarded, one may point out that reduced tone is not 
necessarily attended by diminished force of contraction (see fig. 7). 


23. McGuire, J.; Shore, R.; Hauenstein, V., and Goldman, F.: Influence of 
Exercise on Cardiac Output in Congestive Heart Failure, Arch. Int. Med. 63:469 
(March) 1939. 

24. Henderson, Y.: Volume Changes of the Heart, Physiol. Rev. 3:165, 1923 
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[n one experiment in which the papillary muscle was stretched 4 mm. the 
force of the systolic contraction (systolic tension) was 10 mm. and the 
resistance to stretch (initial tension) was 91 mm. (high tone). When, 
after further stretching, the muscle was released to the previous 
length, i. e., 4 mm. longer than resting length, the resistance to the 
maintenance of this length (initial tension) was lower than before, 
namely, 55 mm. (lower tone), but the systolic force was higher 
(14.5 mm.). Evidence supporting a similar conclusion (favorable 
influence of lowered tonus) has been reported for the intact dog’s heart 
by Johnson and Katz.** It is therefore not necessarily desirable in the 
case of the failing heart to attempt by drugs or other means to increase 
tone in this sense. 

The foregoing considerations indicate that clinical heart failure may 


not involve a state in which the heart muscle is overstretched and 











Fig. 7—Changes in tension in the strip of the right ventricle of a cat in Ringer's 
solution and stimulated at intervals at three different lengths (/, 2 and 3) 
Tracing 1 A was taken immediately after the muscle was stretched to that length; 
1 B, five minutes later. Tracings at lengths 2 and 3 were similarly obtained. Note 
that when equilibrium was reached after the muscle was stretched to a new length, 
the diastolic tension fell (rise of the base line) and the systolic tension rose. 


that the validity of the objective of reducing the diastolic size of the 
heart as a means of increasing the force of the heart’s contraction is open 
to question. 

It is known that reducing venous congestion or return flow to the 
heart may exert a favorable influence in cases of clinical heart failure 
although the output may fall,?* as seen sometimes in the beneficial 


therapeutic effects of venesection, of constriction of the veins of the 
limbs by tourniquet and of the standing posture in cases of acute failure 
of the left side of the heart. There is no reason for assuming that the 
beneficial effects are the result of reducing overdistention of the ventricle. 
They can be brought about in other ways. It is known, for example, that 


25. Johnson, V., and Katz, L. N.: Tone in the Mammalian Ventricle, Am. J. 
Physiol. 118:25, 1937. 
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venesection in normal subjects increases the vital capacity, a factor 
that might influence favorably the exchange of gases in heart failur: 
It may also diminish the viscosity of the blood.?? 

In perfusion experiments with surviving human hearts, Kountz 
and Smith ** found that the coronary flow fell off considerably when 
the heart was dilated as the result of asphyxia. In the case of a large 
heart with failure it might be argued that the heart is not overdilated 
and yet is sufficiently dilated to interfere with the coronary circulation 
The quantitative aspect of this relationship is the deciding one, but 
concerning this we have no evidence. 


“LIVER” HYPOTHESIS OF DIGITALIS ACTION 


Dock and Tainter ?° developed the hypothesis that the diminution 
in the size of the heart and in the cardiac output that occurs in the normal 
person after the administration of digitalis is due to a direct constrictor 
action of digitalis on the hepatic veins. This opinion was based on the 
observations in the dog that under the action of digitalis the portal pres- 
sure rises, the liver enlarges, and the venous pressure falls. In their 
experiments Katz and his associates *° confirmed this phenomenon in 
the dog, and they concluded that in man digitalis acts not on the heart 
to abolish heart failure but on the liver to constrict the hepatic veins, 
exercising its favorable effect by pooling blood in the liver, which in 
turn reduces the venous congestion and the overdistention of the heart 
which they believe exist. Whether digitalis causes significant pooling 
of blood in the liver in man has been fully considered and answered in 
the negative by Cohn and Steele.** Digitalis does not cause enlargement 
of the liver or reduce the venous pressure in normal man.** 


26. Budelmann, G.: Ueber den Einfluss des Aderlasses auf die Vitalkapazitit 
der Lunge beim gesunden Menschen, Klin. Wchnschr. 16:704, 1937. 

27. Lewis, T.: Diseases of the Heart, New York, The Macmillan Company, 
1934. 

28. Kountz, W. B., and Smith, J. R.: The Flow of Blood in the Coronary 
Arteries in Pathological Hearts, J. Clin. Investigation 17:147, 1938. 

29. (a) Dock, W., and Tainter, M. L.: The Circulatory Changes After Full 
Therapeutic Doses of Digitalis, with a Critical Discussion of Views on Cardiac 
Output, J. Clin. Investigation 8:467, 1930. (b) Tainter, M. L., and Dock, W.: 
Further Observations on the Circulatory Actions of Digitalis and Strophanthus, 
with Special Reference to the Liver, and Compariscns with Histamine and Epineph- 
rine, ibid. 8:485, 1930. 

30. Katz, L. N.; Rodbard, S.; Friend, M., and Rottersman, W.: The Effect 
of Digitalis on the Anesthetized Dog: I. Action on the Splanchnic Bed, J. Pharm- 
acol. & Exper. Therap. 62:1, 1938. 

31. Cohn, A. E., and Steele, M.: Studies on the Effect of the Action of Digi- 
talis on the Output of Blood from the Heart: I. The Effect on the Output of the 
Dog’s Heart in Heart-Lung Preparations, J. Clin. Investigation 11:871, 1932. 
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In 1909 Schmid ** made some measurements of the portal pressure in 
the cat after administration of digitalis. The results were variable, 
and the experiments were not described in sufficient detail to permit 
analysis. We performed some experiments to test the phenomenon. In 
each of 4 cats we made simultaneous records of the pressure in the portal 
vein and in the carotid artery during the administration of ouabain 
(3 cats) and tincture of digitalis (1 cat). Various anesthetics were 
used: a mixture of dial, ethyl carbamate and morphine to produce deep 
narcosis (1 cat); soluble barbital U. S. P. (sodium barbital) and 
morphine (2 cats), and ether (1 cat). The results were substantially 
similar in all the animals. Occasionally the digitalis produced a rise in 
the carotid pressure, but the usual effect was a progressive fall—results 
similar to those described by Travell, Gold and Modell.** In no instance, 
however, did the portal pressure show a rise during the injection of the 
digitalis bodies. The reactions in all the cats were consistent in showing 
a fall in portal pressure after about 25 or 30 per cent of the fatal dose 
had been injected. The fall continued until the heart stopped. During 
the asphyxia a rise usually took place. In 1 experiment on the dog 
with the same technic we obtained, on the contrary, a marked rise of the 
portal pressure, similar to the results reported by Dock and Tainter *** 
and by Katz and his associates.*°° Typical results are illustrated in 
figure 8. 

Constriction of the hepatic veins by digitalis, therefore, does not 
occur in the cat and appears to be a phenomenon peculiar to the dog. 
Bauer, Dale, Poulsson and Richards ** have shown that the liver of the 


dog possesses a special sluice mechanism not present in the cat. This 
sphincter mechanism near the caval openings of the hepatic veins in the 
dog responds to histamine by marked constriction. The anatomic 
counterpart of this physiologic difference is a heavier muscular coat in 
the hepatic veins of the dog than in those of the cat. The authors 
observed that “the hepatic veins in the human liver resemble those of 


the cat rather than those of the dog.” 


“TONE” HYPOTHESIS OF DIGITALIS ACTION 
The hypothesis that digitalis increases the cardiac output in cases 
of heart failure by a direct action on cardiac tone receives its strongest 
support from the careful experiments of Cohn and his collaborators. 


32. Schmid, J.: Beeinflussung von Druck und Stromvolumen in der Pfortader 
durch die Atmung und durch experimentelle Eingriffe, Arch. f. d. ges. Physiol. 
126:165, 1909. 

33. Travell, J.; Gold, H., and Modell, W.: Effect of Experimental Cardiac 
Infarction on Response to Digitalis, Arch. Int. Med. 61:184 (Feb.) 1938. 
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Cohn and Stewart (1928) * observed in the dog that digitalis increased 
the excursion of the ventricular contraction (moving film) and 
reduced the size of the heart (roentgenogram). They ascribed the 
change in diastolic size to a direct action on tone and the change in 
excursion to a direct action on contraction and maintained that these 
two actions produce opposing results with respect to output, the action 
on size tending to reduce output and the action on contraction tending to 
increase it. In subsequent papers, especially in the one by Cohn and 
Steele,* the direct action on systolic contraction was accorded little con- 
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sideration as a factor in the therapeutic action of digitalis, the “out- 
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Fig. 8.—Effect of digitalis glucosides on the portal pressure in the cat and 
in the dog. The upper tracing was made on a male cat weighing 3.64 Kg. and 
anesthetized with ether. Tincture of digitalis, diluted 1:10 was injected intra- 
venously in doses of 5 per cent cat unit per kilogram every five minutes. P. P 
represents portal pressure, recorded in centimeters of water. The cannula was 
inserted into the splenic vein at its junction with the portal vein; it was connected 
to a water manometer, which in turn was connected to a volume recorder. B. P. 
represents carotid pressure, recorded in millimeters of mercury by a membrane 
manometer. The lower tracing was made on a male dog weighing 6.63 Kg. and 
anesthetized with soluble barbital U. S. P. (dose, 250 mg. per kilogram, given intra- 
peritoneally) and with morphine sulfate (dose, 5 mg. per kilogram, given sub- 
cutaneously). Every five minutes 0.005 mg. of ouabain per kilogram (5 per cent 
cat unit per kilogram) in a solution of 1: 100,000 was injected. Rises a, b and « 
are artefacts produced by tests for patency of the system. In other respects the 
experiment was similar to the one on the cat. 
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tanding phenomenon,” from which increased cardiac output followed 
| heart failure, being “an effect upon the tone of the heart.” Stewart 
nd his co-workers *° have recently reaffirmed the belief that the change 
in cardiac output caused by digitalis is a consequence of its action in 
decreasing cardiac size. The evidence which they bring forth in support 
of that view, however, does not appear to exclude two alternative 
possibilities, one that the effect on size is entirely independent of that on 
systolic contraction and the other that the effect on size is secondary to 
improved contractility. The heart would become smaller as a result of 
the fact that the systole is stronger and the ventricle empties more 
completely. 

The reasons for our belief that an action on tone (diastolic size) 
is not one by which digitalis abolishes heart failure are as follows: 

1. Although in heart disease, and in heart failure particularly, the 
heart is larger than normal and its work is not commensurate with its 
size (Stewart and others *°), there is no reason for assuming that the 
function of the heart will be improved by reduction of its size, since 
there is no ground for belief that the fiber length is excessive in the 
sense of its being greater than is required for whatever work the muscle 
is capable of doing. The evidence indicates the contrary; namely, that 
clinical heart failure is not likely to involve overdistention of the heart 
muscle. 

2. It is well known that the heart may become smaller through 
various indirect mechanisms (such as reduced size secondary to 
improved force, to diminished blood volume or to other peripheral 
actions) and that if these indirect possibilities are removed, as was the 
case in our studies on papillary muscle, the heart has no tendency to 
shorten its diastolic length (no increased tone) under the influence of 
digitalis at a time when its systolic force is increased several times. 

Kabat and Visscher,®*® working with the turtle heart, have con 
firmed our observation that digitalis increases the capacity of the 
heart for work without change in tonus. They also arrived at a similar 
conclusion, namely, “that the theory, previously held, that the improve- 
ment in cardiac efficiency by digitalis glucosides is due even in part to 
changes in diastolic tonus, is without critical experimental foundation.” 


35. Stewart, H. J.; Deitrick, J. E.; Crane, N. F., and Wheeler, C. H.: Action 
of Digitalis in Uncompensated Heart Disease, Arch. Int. Med. 62:569 (Oct.) 
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CONCLUSIONS 

The results of experiments have been presented, and evidence has 
been adduced for the following statements regarding heart failure and 
the mechanism of digitalis action by which failure is abolished: 

1. The heart muscle is not overdistended in clinical heart failure. 
Dilatation of the heart is not usually an unfavorable phenomenon but an 
adaptive mechanism by which the failing heart maintains its optimum 
capacity for work. 

2. The high venous pressure in heart failure is not usually a cause 
but a result of heart failure. There is no sufficient reason for the belief 
that venous congestion of the order seen in clinical heart failure 
embarrasses the heart’s contraction. 

3. Rapid heart rate in sinus rhythm and auricular fibrillation is usually 
not a cause but a result of heart failure. 


4. The effect of digitalis in abolishing heart failure is not mediated 
through any effect on rate in the average case, through action on the 
splanchnic circulation (constriction of hepatic veins) or through action 


on cardiac tone. 

5. Digitalis in therapeutic concentrations exerts no direct action on 
the so-called tone of mammalian heart muscle. 

6. Digitalis improves the function of the heart in heart failure by 
direct action on the heart muscle, which without primary change in the 
diastolic length of the muscle increases the tension which the muscle can 
develop during systolic contraction. 





COMPARATIVE STUDY OF VALVULAR CALCI- 
FICATIONS IN RHEUMATIC AND IN 
NONRHEUMATIC HEART DISEASE 


BERNARD S. EPSTEIN, M.D. 


BROOKLYN 


The increasing frequency of the diagnosis of calcifications of the 
cardiac valves during life makes it desirable to discuss not only their 
causation but also their possible clinical significance. 

Thus far the greatest emphasis has been placed on calcifications of 
the aortic valve. \ Christian’ first indicated that aortic stenosis with 
calcification of the cusps might be regarded as a definite clinical entity, 
possibly of rheumatic origin. Clawson, Noble and Lufkin? also stated 
that the clinical manifestations of the “calcified aortic nodular deformity” 
are sufficiently characteristic to warrant its designation as a separate 
entity, predominantly of a rheumatic nature. Willius and Camp ® at 
first did not agree with the theory of a rheumatic causation, but after 
further investigation Dry and Willius * concluded that the etiologic factor 
was rheumatic. Other investigators, notably Monckeberg, Sohval and 
Gross and Margolies, Ziellessen and Barnes,’ stated the belief that calci- 
fication of the aortic valve is not of rheumatic origin. Hamburger and 
Saphir ® found evidence for both a rheumatic and a nonrheumatic origin. 

From the clinical viewpoint“McGinn and White’ concluded that 


calcific deposits in the valves are relatively unimportant, except possibly 


From the Montefiore Hospital for Chronic Diseases, New York, and the 
Jewish Hospital, Brooklyn. 
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as they influence the degree of valvular stenosis or aid in the roentge: 
ographic identification of the lesions. Held and his co-worker: 
regarded calcifications in the mitral valve as an additional factor 


‘ 


increasing the degree of stenosis in patients with “tight, non-regurgita 
mitral stenosis.” \ In general, calcifications of the mitral valve lh: 
received less detailed study than those of the aortic valve. 

Since detailed information about calcifications of the mitral valve is 
scant and opinion concerning the role of rheumatic fever in producing 
calcifications of the aortic valve is varied\148 consecutive cases of fatal 
rheumatic heart disease and 125 consecutive cases of nonrheumatic heart 
disease were reviewed from the following viewpoints: (1) The incidenc 
and distribution of calcifications of the aortic and mitral valves; (2) th: 
interrelationship, if any, between the presence of valvular calcifications 
and the duration of heart disease and symptoms of heart failure; (3) 


TABLE 1.—Classification of Cases of Rheumatic Heart Disease by 
Degree of Valvular Calcification 


Age Mitral Aortic Mitral and Aortic 
Groups, ——____—_—*—_———F OO ere Tt GCE — 
Years Slight Moderate Advanced Slight Moderate Advanced Slight Moderate Advanced 


10-19 3 
20-29 3 
30-39 2 

2 


3 0 0 0 
2 0 0 
3 1 0 
i 0 
1 Q 


40-49 
50 over 





* Mitral, aortic and tricuspid valves were calcified. 


coincidence of valvular calcifications and pericarditis, disease of the 
coronary arteries, aortic calcification and electrocardiographic changes, 
and (4) the influence of valvular calcifications on the weight of the 
heart. 

A comparison was made of the observations in the cases in which 
there were intracardiac calcifications and in those in which there wer 
none. 

RHEUMATIC HEART DISEASE 

Calcifications were present in the valves of the heart in 64 of 148 
patients. The degrees of calcification were designated as three types, 
“slight,” “moderate” and “advanced,” according to the relative amounts 
of lime salts found at autopsy (table 1). The age-sex incidence and the 
locations of the calcifications are set forth in table 2, and the weights 


8. Held, I. W.; Goldbloom, A. A., and Lieberson, A.: Tight (Not 
Regurgitant) Mitr.. Stenosis: A Clinico-Pathological Study, Am. J. M. Sc. 190: 
791, 1935. 
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o| the hearts, valvular defects and other pertinent data are presented in 
le 3. The age-sex incidence in the remainder of the patients is 
nmarized in table 4. 
Deposits limited to the mitral valve were observed in 38 patients. 
Mitral stenosis or a double mitral lesion was present in each patient in 
valvular deformity did not necessarily 


is group. The degree of 
Pinpoint mitral ostiums occurred 


parallel the degree of calcification. 
in hearts with minimal calcifications, as well as in those which had far 
more extensive deposits. Tight mitral stenosis, with leaflets of cartilagi- 
nous density, was not uncommon in patients who had no valvular 
calcifications, particularly those in the younger age groups. Extension 
of the calcifications into the annulus of the mitral valve was uncommon. 

Calcifications limited to the aortic valve occurred in 16 patients. 
Eight others had calcifications of the mitral as well as of the aortic 


Age-Sex Incidence and Location of Calcification in Cases of Rheumatic 
Heart Disease 


TABLE 2.- 


Total Valvular Calcification 


Number of - a 
Cases Mitral Aortic Mitral and Aortic 


A am, A. pin 


‘ ' % nail iets 
Male Female Male Female Male Female Male Female 


Age Groups 
0 0 0 
0 0 


1 
4 ) Q 0 l 


10-19 years 
20-29 years 
30-39 years 
40-49 years 
50 and over 


1 
l 
1 
1 


+ 


Total 





trivalvular deposits, involving the 


valve, and 2 patients had extensive 
Twenty of these 26 patients were 


mitral, aortic and tricuspid valves. 
over 40 years old. Of the 6 patients under 40 years of age, 4 had 
calcifications in the aortic and mitral leaflets, and 2 had moderate calcific 
deposits in the aortic leaflets alone. The mitral valve was involved in 
20 of the 26 patients, although calcifications of the mitral valve were not 
common in these persons. Twenty-four patients had definite deformities 
Eleven had aortic insufficiency ; 10 had double aortic 


of the aortic valve. 
Two patients, both over 50 years old, 


lesions, and 2 had aortic stenosis. 
had calcifications limited to the annulus of the aortic valve, with no 
demonstrable defect of the valve. 

Extension of the calcifications into the annulus of the aortic valve 
occurred in 8 patients, all over 40 years old. This apparently had not 
influenced the degree of valvular deformity appreciably. 

A relative interdependence could be noted between the degree of 
calcification and the patient’s age. Advanced calcifications limited to the 
mitral valve were infrequent prior to the age of 20. In the few cases 
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in which they were present, there were concomitant advanced calcifica- 
tion of the aortic valve and in 2 instances the tricuspid leaflets also 
were calcified. The infrequency of calcifications of the aortic valve 
before the age of 40 has been mentioned. 

A relationship could not be established between the existence of 
valvular calcifications and the weight of the heart. Nor could a relation- 
ship be established between valvular calcifications and disease of the 
coronary arteries. This was most apparent in patients under 30 years 
of age, in whom extensive valvular calcifications existed in the presence 
of normal coronary vessels. Later in life, as the incidence of coronary 
sclerosis and arteriosclerosis increased, the relative frequency of calci- 
fications of the aortic valve increased significantly. 

The incidence of pericarditis was about the same in patients with and 
in those without valvular calcifications, occurring in 35 per cent of the 
former group and in 45 per cent of the latter. Only 4 patients with 


TABLE 4.—Age-Sex Incidence in Cases of Rheumatic Heart Disease Without 








Age, years.... : -f 2S 30-3 40-49 50 or Over 


Male........ peddetindene 6 6 
Female mes eee f 6 





calcific deposits had changes indicative of recent pericarditis. Fresh 


pericarditis was more frequent during the first two decades of life, 


occurring in patients without calcifications. 

The distribution of the calcifications in the valves is of interest. 
Minimal deposits occurred as small, thin calcific plaques or nodules in 
the auricular surfaces of the leaflets adjacent to their insertions. 
Encroachment of the calcifications on the endocardium of the left auricle 
immediately above the insertion of the leaflets was not uncommon. 
Deposits limited to the endocardium of the left auricle immediately above 
the insertion of the mitral leaflets were also seen. Minimal calcifications 
of the aortic valve were most frequent in the sinuses of Valsalva and 
at the commissures of the leaflets. The calcifications did not extend 
into the base of the aorta at any time. 

The free edges of the valves were never involved when minimal 
calcifications were present. Moderate calcifications rarely involved the 
edges of the leaflets. Advanced calcifications, however, frequently 
involved the edges, although the thickest deposits were most common 
in the bodies of the leaflets. 

A history of rheumatic fever was obtained from half the patients 
with calcific valves, and from 55 per cent of those without valvular 
calcifications. In both groups the number of positive histories decreased 
in the older age groups. 
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(he physical characteristics of the murmurs were more consistent 
with the degree of valvular malformation than with the presence or 
degree of calcific deposits. The hearts with the most deformed valves 


presented the most exaggerated murmurs, whether or not calcifications 


had been superimposed. Deformities of similar degree, occurring with 
or without calcifications, set up murmurs of approximately similar 
characteristics. The possibility that calcifications set up heart sounds 
peculiar to themselves is not borne out by the data available here. 

The electrocardiographic changes were those usually associated with 
active rheumatic heart disease or disease of the coronary arteries. The 
cause of death of almost every patient was congestive heart failure with 
terminal intractable decompensation. No instance of sudden death was 


‘ 


noted, the term “sudden death” as used here implying that the patient 
had been in relatively good health for some time before death occurred 
unexpectedly. Since this series is drawn from a hospital devoted to the 
treatment of chronic diseases, it can be understood why sudden death 


was not observed. 


HYPERTENSIVE AND ARTERIOSCLEROTIC HEART DISEASE 

In order to compare the incidence, distribution and clinical picture 
of rheumatic and of nonrheumatic valvular calcifications, 125 consecutive 
cases of hypertensive and arteriosclerotic heart disease in which post- 
mortem examination was made were studied. 

There were 84 men and 41 women in this series. Twelve were 
between 40 and 50 years old, and 22 were over 70. Ejighty-three 
patients were known to have hypertension. The presence of preexistent 
hypertension had been mentioned as a clinical possibility in 15 of the 
remaining 42 patients. Well marked arteriosclerotic changes involving 
either the coronary arteries or the aorta or voth were seen in almost 
every patient in this group. 

Calcifications were present in the valves of 27 patients, each over 
50 years old. They occurred in 16 men and in 11 women. The mitral 
valve alone was involved in 9 patients, the aortic valve alone in 12, the 
mitral and aortic valves in 4, the mitral, aortic and tricuspid valves in 1 
and the mitral, aortic and pulmonary valves in 1. 

Calcifications of the mitral valve were limited to the annulus in each 
of the 9 patients ; they were considered as “advanced” in 7 patients and 
as “moderate” in the remaining 2. Mitral insufficiency was present in 
1 patient. The others had anatomically competent valves. A soft systolic 
blow had been heard over the precordium in 3 patients ; the heart sounds 
of the remaining patients had been considered normal. Seven had 
hypertension. One patient had advanced cardiac failure. Symptoms of 
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lerate cardiac embarrassment had been present in 2 others. In the 
remaining 6 patients the presence of organic heart disease had not been 
suspected ; their only symptom had been hypertension. 

In the 4 patients with calcifications of both the mitral and the aortic 

uve, those in the aortic valve were predominant. In all 4 the calcifica- 
tions in the aortic valve were located chiefly in the annulus, and in 2 
instances they extended to the cusps. The calcifications in the mitral 
valve, which were minimal in extent, were situated in the aortic cusp 
of the valve in 2 instances and in the annulus in the other 2. In all 4 
patients the valvular defects were not extensive, and in 3 instances they 
had not been diagnosed before death. 

Five of the 12 patients with calcifications limited to the aortic valve 
had valvular defects. Two had double aortic lesions; 2 had aortic 
insufficiency, and 1 had aortic stenosis. The calcific deposits were con- 
sidered advanced in 4 of these patients. Of the remaining 7 patients, 
3 had extensive calcifications without valvular defects. Characteristic 
murmurs had been present in the patients with incompetent valves. 
Several others had systolic murmurs of varying intensity, usually over 


the precordium. Congestive heart failure occurred with equal frequency 


in patients with and in those without valvular calcifications. 

Anginal symptoms had been frequent both in the patients with and in 
those without calcifications of the aortic valve. Three patients, however, 
are noteworthy, as they had had definite anginal syndromes without 
demonstrable disease of the coronary arteries. All had extensive 
calcareous deposits deforming the cusps and encroaching into the ostiums 
of the coronary arteries. 

The heaviest heart in this series, which weighed 850 Gm., was that of 
a man with hypertension and moderate calcifications in the bases of the 
aortic leaflets. The patients without hypertension had hearts which 
weighed less than 300 Gm. The remainder either had had hypertension 
or a history indicative of antecedent hypertension. The patients with 
well marked deposits in the aortic valve but without hypertension had 
hearts which weighed less than 450 Gm. 

Pericarditis was uncommon. Only 3 patients in this series had evi- 
dences of old pericarditis. One patient with renal disease showed fresh 
pericarditic changes. 

Fourteen of the 27 patients with valvular deposits had no clinical 
manifestations of heart failure. Of the remaining 13, 9 had had mild 
congestive failure for less than five years, and the remainder had had 
symptoms of heart failure for a longer time. Six of the 14 patients 
with heart failure had been known to have hypertension. The remainder 
had normal blood pressures. In general, the duration of cardiac symp- 
toms approximated that of the known cardiac disease. There were no 
instances of sudden death. 
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The electrocardiographic changes were those resulting from disease 
oi the coronary arteries. Auricular fibrillation and partial bundle branch 
block were the most frequent arrhythmias. No changes which might be 
interpreted as indicative of calcifications of the aortic valve could be 
demonstrated. 

COMMENT AND SUMMARY 

Slight and moderate calcifications in the mitral valves of patients 
with rheumatic heart disease occurred most frequently in the leaflets. 
The free margins were often involved when the lesions were exten- 
sive. The smallest deposits were situated on the bodies of the leaflets or 
the endocardium of the left auricle adjacent to the insertion of the 
leaflets. Advanced valvular deformity was associated with the calcifica- 
tions in almost every instance, regardless of the degree of calcification. 

Calcifications of the aortic valve in patients with rheumatic heart dis- 
ease who were under 30 years of age were accompanied in each instance 
by extensive changes and calcification in the mitral valve. In 2 persons 
the tricuspid valve was involved also. 

The incidence of calcifications of the aortic valve rose sharply 
after the age of 40. The lesions of the aortic valve associated with the 


calcific deposits in older patients were usually less extensive than those 


in younger persons. Frequent association with lesions of the mitral 


valve was noted, but calcifications in the mitral leaflets in such persons 
were not common. 

In patients with nonrheumatic heart disease calcifications of the 
mitral valve involved the annulus. Concomitant valvular defects were 
uncommon in this group. It is noteworthy that the auscultatory findings 
were within normal limits. This may indicate that the calcifications did 
not produce significant changes either in the anatomic function of the 
valve or in the heart sounds. 

Calcifications of the aortic valve in nonrheumatic heart disease were 
equally frequent in the leaflets and in the annulus. In some instances 
both structures were involved. Aortic valvular defects due to calcific 
deposits were relatively frequent, but as a rule were not as extensive as 
those seen in cases of rheumatic heart disease with calcification of the 
valves. However, advanced calcifications of the aortic valve were 
present in patients who had had neither clinically demonstrable defects 
of the aortic valve nor symptoms of heart failure. 

The weights of the hearts with calcified valves were independent of 
the presence of calcifications. Disease of the coronary arteries and aortic 
arteriosclerosis with calcification were more frequent in the nonrheumatic 
than in the rheumatic group. Nevertheless, patients with rheumatic heart 
disease who had survived the age of 40 had calcific deposits similar in 
extent and distribution to those of patients with nonrheumatic heart dis- 





290 ARCHIVES OF INTERNAL MEDICINE 


ease. The incidence of calcifications of the aortic valve was definit« 
greater in the rheumatic group after the age of 40. It is reasonable t 
assume that the same process might be responsible for the calcificatio 
in the two groups. The possibility of calcification occurring on thi 
site of an old rheumatic lesion, thereby speeding the disease process, has 
been mentioned. 

Pericarditis was more frequent in the rheumatic group, and may 
when present provide a clue pointing to a rheumatic origin. 

From the clinical viewpoint, the presence of calcifications in the 
heart valves did not appreciably alter the prognosis. Nor did there 
seem to be any relationship between the duration of symptoms of heart 
failure or of known heart disease and the presence of calcareous 
deposits. The symptoms of heart failure appeared to be related to the 
effect of the valvular deformity on the myocardium, and the degree of 
deformity apparently may be the same with or without calcareous 
deposits. This is borne out by the similarity in the incidence of heart 
failure in patients with rheumatic heart disease and in those without 
valvular calcifications, as well as by the relatively low incidence of heart 
failure in the group with nonrheumatic heart disease with valvular 
calcifications. 


The lack of influence of calcifications in the valve on the heart sounds 


may best be represented by the absence of significant auscultatory 


changes in the patients with nonrheumatic heart disease associated with 
a calcified mitral annulus. 





LECTROCARDIOGRAPHIC CHANGES ASSOCIATED 
WITH PERICARDITIS 


PAUL H. NOTH, M.D.* 


DETROIT 


\RLIE R. BARNES, M.D 


ROCHESTER, MINN. 


[here are more clinical conditions than are apparent on first con- 
sideration in the diagnosis of which a knowledge of the electrocardio- 
graphic patterns occurring in pericarditis may be helpful. It has been 
said often that the diagnosis of acute pericarditis is more often missed 
than made. When purulent pericarditis is present as a primary dis- 
ease or as a complication of pleurisy or pulmonary disease it is especially 
important to make the diagnosis early so that surgical treatment may be 
instituted promptly. The postoperative occurrence of substernal o1 
precordial pain, evidences of embarrassment of the circulation and a 
pericardial friction may provide a puzzling problem in differentiating 
between simple pericarditis and thrombosis of a coronary artery. The 
similarity between the electrocardiograms of the two conditions may lead 
to serious error unless the dissimilarities are appreciated. Pericarditis 
may also complicate acute rheumatic fever, cardiac wounds, pneumonia, 
uremia and occlusion of a coronary artery. In these instances the electro- 
cardiographic pattern of pericarditis may be superimposed on that of 
the primary condition, and the resulting tracings can be properly evaluated 
only if this fact is borne in mind. Chronic constrictive pericarditis often 
has a characteristic electrocardiogram, which aids in its differentiation 
from hepatic cirrhosis and other conditions. The frequent spectacular 
results of pericardiectomy make this distinction important. Chronic 
tuberculous pericarditis may be discovered, because a suggestive electro- 


cardiogram may lead one to secure other confirmatory evidence. 


THE ELECTROCARDIOGRAM ASSOCIATED WITH EXPERIMENTAI 
PERICARDIAL LESIONS AND ACUTE AND SUBACUTI 
PERICARDITIS IN MAN 


The literature on electrocardiograms characteristic of these lesions 


has grown rapidly, especially since 1929, and extensive reviews of it 
From the Division of Medicine, the Mayo Clinic. 
* At the time this work was done Dr. Noth was a Fellow in Medicine, the Mayo 
Foundation. 
This paper is an abridgment of a thesis submitted to the Faculty of the Graduate 
School of the University of Minnesota in partial fulfilment of the requirements for 
the degree of Master of Science in Medicine. 
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have appeared in articles by Schwab and Herrmann,’ by Vander Veer 
and Norris * and by Winternitz and Langendorf.* We shall limit our 
remarks to the studies concerned with the elucidation of the theoretic 
mechanisms underlying the production of the electrocardiographic 
pattern of pericarditis and to certain other studies which have been 
insufficiently emphasized in other reviews or have appeared only 
recently. 

Oppenheimer and Mann‘ ascribed the low voltage of the electro- 
cardiograms in cases of pericarditis with effusion to a short-circuiting 
effect of the fluid on the electric impulses originating in the heart 
Katz, Feil and Scott ° studied the electrocardiographic changes produced 
by the injection of saline or oil solutions into the pericardial sac in 
dogs. They attributed the elevation of the ST segment and the 
changes in the T wave which occurred to generalized myocardial 
ischemia produced by the hydrostatic pressure of the pericardial fluid. 
Foulger and Foulger ® showed, under similar experimental conditions, 
that unless the intrapericardial pressure was maintained at a certain 
level, by increasing the amount of the injected fluid, the pericardium 
soon stretched enough to cause a fall in pressure and a return of the 
electrocardiogram to normal. They concluded that elevation of the 
RS-T segment in the electrocardiograms of patients suffering from 
pericardial effusion is an indication that the effusion is of recent origin 
or of such volume that the limits of relaxation of the pericardium have 
been reached. 

Fowler, Rathe and Smith,’ in a noteworthy investigation, were 
able to correlate the changes in the T wave in experimental pericarditis 


with the inflammatory reaction in the subepicardial myocardium and 


1. Schwab, E. H., and Herrmann, G.: Alterations of the Electrocardiogram 
in Disease of the Pericardium, Arch. Int. Med. 55:917-941 (June) 1935. 

2. Vander Veer, J. B., and Norris, R. F.: The Electrocardiographic Changes 
in Acute Pericarditis: A Clinical and Pathological Study, Am. Heart J. 14:31-50 
(July) 1937. 

3. Winternitz, M., and Langendorf, R.: Das Elektrokardiogramm der 
Perikarditis, Acta med. Scandinav. 94:141-188, 1938. 

4. Oppenheimer, B. S., and Mann, H.: An Electrocardiographic Sign in Peri- 
cardial Effusion, Proc. Soc. Exper. Biol. & Med. 20:431-432, 1923. 

5. Katz, L. N.; Feil, H. S., and Scott, R. W.: The Electrocardiogram in 
Pericardial Effusion, Am. Heart J. 5:77-83 (Oct.) 1929. 

6. Foulger, M., and Foulger, J. H.: The Blood Pressure and Electrocardio- 
gram in Experimental Pericardial Effusion, Am. Heart J. 7:744-752 (Aug.) 
1932. 

7. Fowler, W. M.; Rathe, H. W., and Smith, F. M.: The Electrocardio- 
graphic Changes Following the Ligation of the Small Branches of the Coronary 
Arteries, Am. Heart J. 8:370-387 (Feb.) 1933. 
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observed that when there was complete replacement of the portions 
involved in the inflammatory process by fibrous tissue the T waves 
had returned to normal. Bay, Gordon and Adams °* introduced fluid 

der pressure into the pericardial sac and obtained elevations in the 

T segment and inversions of the T wave. They also partly occluded 
the superior and inferior venae cavae. When this was done without 
varying the intrapericardial pressure the marked elevations of the RS-T 
segment did not appear. They stated the belief that their experiments 
eliminated the consideration of interference with venous return, changes 
in temperature and chemical changes as factors in the production of 
the characteristic electrocardiogram. 

Herrmann and Schwab” observed the electrocardiographic changes 
produced by two general types of experiments: First, electrocardio- 
graphic studies were made of goats and dogs during a period of 
increased intrapericardial pressure produced by injection of fluid into 
the pericardial sac, and second, electrocardiographic changes were 
observed over a period of weeks after the injection of irritating sub- 
stances into the pericardial sac. The authors ascribed the well marked 
elevations of the RS-T segment seen in the experiments with increased 
intrapericardial pressure to the observed decrease in aortic and pulse 
pressures, which, by inference, were thought to lead to a decrease in 
the flow of blood in the coronary arteries, with consequent ischemia 
of the whole heart. In the experiments with irritating solutions they 
attributed the lesser degrees of elevation of the RS-T segment, as 
well as the later changes in the T wave, to the production of subepi- 
cardial myocarditis. 

Vander Veer and Norris* reported on a pathologic study of the 
hearts of 10 patients whose fatal illnesses included in each instance 
acute pericarditis. In each of 6 instances in which the electrocardio- 
grams were characteristic of pericarditis the authors observed extensive 
subepicardial myocarditis. Of 4 cases in which the electrocardiograms 
were not characteristic there were 3 in which the pericarditis did not 
penetrate into the subepicardium in any of the numerous sections studied 
and 1 in which there was penetration in only a few small regions. 
They concluded that the subepicardial myocarditis was the cause of the 
electrocardiographic pattern and that the lack of a consistent relation 
between the type of electrocardiogram and the presence or absence of 
pericardial effusion excluded the pericardial effusion as an etiologic 
factor in the cases observed by them. 


8. Bay, E. B.; Gordon, W., and Adams, W.: Electrocardiographic and Blood 
Pressure Changes in Experimental Pericardial Effusion and Occlusion of the 
Venae Cavae, Am. Heart J. 8:525-532 (April) 1933. 

9. Herrmann, G., and Schwab, E. H.: Some Experimental and Clinical Electro- 
cardiographic Observations on R-S-T and T Changes in Pericarditis, Tr. A. Am 
Physicians 49:229-244, 1934. 
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Bellet and McMillan *° made histologic studies in 19 cases of pe: 
carditis and concluded that the results together with certain clinical 
observations indicated that invasion of the subepicardial myocardium 
by the inflammatory process was chiefly responsible for the changes 
in the RS-T segment. 

Most writers on this subject do not mention the rather striking 


facts reported by Master *' in a review of a series of cases selected 


on the basis of electrocardiograms in which T waves of low voltage 
were present. The pericardium was known to have been involved in 
8 of 24 cases in which the condition was fatal. This is a notably high 
incidence of cases of pericarditis, when one considers that all types 
of cardiac disease were included and bears in mind that the basis of 
the selection was the occurrence of T waves of low voltage. Master 
also pointed out that pericarditis uncomplicated by myocardial disease 
could produce this phenomenon, since he had observed it in cases of 
tuberculous pericarditis and carcinoma of the pericardium in which 
autopsy revealed no evidence of myocardial involvement. 

One of us (Barnes) and Mann,’ in a study of the electrocardio- 
graphic pattern in experimental occlusion of the coronary arteries, 
performed control experiments in which the pericardium was merely 
incised and then sewed. The coronary arteries were not molested. 
Reciprocal deviation of the RS-T segments in leads I and III did not 
occur, but at a certain stage reversal of the normal direction of the T 
waves, resembling that seen in experimental occlusion of the coronary 
arteries, was observed. The only explanation of its occurrence was the 
presence of pericarditis, and it was pointed out that in a few days it 
obscured the initial electrocardiographic patterns produced by ligation 
of the coronary arteries. 

Peel *° reported on the electrocardiograms of 48 patients with peri- 
carditis. He stated the belief that the elevation of the RS-T segment 
was due to myocarditis rather than to the pericardial effusion, since 
he noted well marked elevation of the segment in the early dry stage 
of pericarditis which disappeared during the period when there was 
clinical evidence of the accumulation of fluid. 

10. Bellet, S., and McMillan, T. M.: Electrocardiographic Patterns in Acute 
Pericarditis: Evolution, Causes and Diagnostic Significance of Patterns in Limb 
and Chest Leads; a Study of Fifty-Seven Cases, Arch. Int. Med. 61:381-400 
(March) 1938. 

11. Master, A. M.: Low-Voltage T Waves in the Electrocardiogram, Am. 
J. M. Sc. 181:211-217 (Feb.) 1931. 

12. Barnes, A. R., and Mann, F. C.: Electrocardiographic Changes Following 
Ligation of the Coronary Arteries of the Dog, Am. Heart J. 7:477-497 (April) 
1932. 

13. Peel, A. A. F.: On the Occurrence of the So-Called “Coronary T Wave” 
in Electrocardiograms from Cases of Pericarditis, Glasgow M. J. 122:149-166 
(Oct.) 1934. 
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Schondorf * called attention to the difference in the contour of the 
kS-T segment in pericarditis and in occlusion of the coronary arteries. 
In the former it is concave upward, while in the latter it is convex 


upward. This differential point applies only to the appearance during 


the period of RS-T elevation, since later the typical “cove plane” T 
waves, the so-called coronary T waves, may be seen in pericarditis. 

Winternitz and Langendorf* included in their series 10 cases of 
fatal purulent pericarditis, almost all of which had been observed a 
number of years previously. The diagnosis had been established before 
death in only 2 instances. The authors stated that if knowledge of the 
electrocardiographic pattern of pericarditis had existed at the time the 
patients had acute pericarditis, it would have been possible to make 
the diagnosis in 8 of the 10 cases and the subsequent institution of 
surgical measures might have altered the outcome in a number of 
instances, 

THE ELECTROCARDIOGRAM IN CHRONIC PERICARDITIS 

It has been generally appreciated only recently that adhesion of the 
pericardium to surrounding structures is in itself rarely productive of 
cardiac enlargement or embarrassment and is usually significant only 
when associated with thickening of and adhesions between the parietal 
and the visceral pericardial layer to the extent that a constrictive 
action on the heart results. There is no evidence that the chronic peri- 
carditis commonly observed at autopsy, in which there is no appreciable 
thickening of the pericardial layers, has any clinical significance or 
characteristic electrocardiographic pattern. Therefore, two types of 
chronic pericarditis which are clinically important are considered, 
namely, chronic constrictive pericarditis and chronic tuberculous peri- 
carditis. Since at times the latter may produce cardiac constriction, 
the two conditions are not entirely separate clinically. Since their 
electrocardiographic patterns may be indistinguishable (fig. 1), they 
are considered together for the most part, although certain features 
distinctive of active chronic tuberculous pericarditis will be pointed 
out. 

There are a number of reports of cases of constrictive pericarditis, 
in some of which pericardiectomy '* has been performed. The electro- 


14. Sch6ndorf, T.: Ueber das Elektrokardiogramm bei Perikarditis, Verhandl. 
d. deutsch. Gesellsch. f. inn. Med. 48:350-354, 1936. 

15. Bartels, E. C.: Calcification of Pericardium, Minnesota Med. 16:205-207 
(March) 1933. Burwell, C. S., and Flickinger, D.: Obstructive Pericarditis: 
Effect of Resection of the Pericardium on the Circulation of a Patient with 
Concretio Cordis, Arch. Int. Med. 56:250-257 (Aug.) 1935. Flick, J. B., and 
Gibbon, J. H., Jr.: Pericardiectomy for Advanced Pick’s Disease, Arch. Surg. 
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cardiographic pattern in these cases was uniform. Our electrocardi 

graphic observations in this group of cases were essentially in agr« 

ment with those previously reported and consisted usually of lo 
voltage of the QRS complexes and of T waves which exhibited loy 
voltage, were isoelectric or were inverted in various combinations i; 
the standard leads. <Auricular fibrillation was frequently present 
Sprague *® summarized the electrocardiographic features in the cases 
observed at Massachusetts General Hospital by stating that in all ther 
was either low voltage in the axial leads or inversion of T, and 1 

of the coronary type. Cushing and Feil‘? reported 11 cases, in all o} 
which the ORS complexes in the standard leads were of low voltage 
The QRS complexes were usually slurred, but no instances of marked 
notching were present in the published tracings. The changes in thi 
T waves were the same as those already mentioned. The P waves 
were normal voltage in all cases. In 7 cases there were precordial 
leads (leg and apex), and the electrodes were applied so that the 1 
wave was normally directed downward. In 5 of these cases T, was 
upright. In 7 cases changes in position did not affect the electric axis, 
and in 3 others it was changed only slightly. After operation an 
increase in the amplitude of the QRS complex appeared in 4 of 7 
cases. 

The most extensive series of cases of chronic pericarditis studied 
electrocardiographically is that of 30 cases of tuberculous pericarditis 
reported by Harvey and Whitehill.’* Effusion was present in 15 cases. 
Low voltage of the QRS complex was observed in 11 of these. The 
voltage did not seem to depend solely on the amount of fluid present. 
In 1 instance the amplitude varied greatly from day to day when a 
considerable amount of fluid was present. A decrease in voltage after 
the removal of large quantities of fluid was seen in several cases, 
although there was usually an increase. A cove-shaped arching of the 
ST segment, usually ending in an inverted T wave, was present in 15 


29:126-137 (July) 1934. Griswold, R. A.: Chronic Cardiac Compression Due to 
Constricting Pericarditis: Relief by Pericardiectomy, with a Note on the Value 
of the Roentgenkymogram, J. A. M. A. 106:1054-1057 (March 28) 1936. Ingvar, 
S.: Five Cases of Operated Fibrous Pericarditis, Acta med. Scandinav., 1936, 
supp. 78, pp. 278-292. Sprague, H. B., and White, P. D.: The Indications for 
and Results of Pericardial Resections: The Course of Five Cases, M. Clin. North 
America 15:909-917 (Jan.) 1932. 

16. Sprague, H. B.: The Differential Diagnosis of Congestive Heart Failure 
and Constrictive Pericarditis (Pick’s Disease), Am. Heart J. 12:443-447 (Oct.) 
1936. 

17. Cushing, E. H., and Feil, H. S.: Chronic Constrictive Pericarditis: Electro- 
cardiographic and Clinical Studies, Am. J. M. Sc. 192:327-334 (Sept.) 1936. 

18. Harvey, A. M., and Whitehill, M. R.: Tuberculous Pericarditis, Medicine 
16:45-94 (Feb.) 1937. 
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ses in lead I, in 17 cases in lead II and in 3 cases in lead III. An 
[ segment of opposite contour, with a slight downward concavity, 
is present in lead III in 3 cases in which the arched ST segment 
as present in lead I, a pattern closely resembling the change seen 
‘ter infarction of the anterior apical portion of the left ventricle. 
rhe extent of elevation or depression of the ST segments was not 
stated. Inversion of the T wave was most commonly found in leads 
| and II, while the deflection remained upright in lead III or became 
diphasic. 
In cases in which there was a precordial lead (apex and left leg) 
the voltage of the ORS complex was sometimes normal when it was 
low in the standard leads. In 7 cases there was a reversal of the 


normal direction of the T wave in the precordial lead. In 6 of 10 


cases observed from seven months to six years after the onset of 
pericarditis the only abnormality found in this lead was absence of the 
() wave. The T wave in the precordial lead usually returned to its 
normal position several weeks earlier than in the standard leads. 

Harvey and Whitehill '* observed that the inversion of the T wave, 
especially in leads I and II, may be of prognostic import and that the 
evolution of the changes in this portion of the electrocardiogram may 
serve as a guide in the treatment of the patients. Reversion of the T 
wave toward or to normal was considered of good prognostic import. 
The authors advised that rigid restriction of activities and general 
care be continued as long as inversion of the T wave persists. 

The electrocardiographic pattern observed in 1 case of proved tuber- 
culous pericarditis studied in the present series revealed changes that 
were essentially like those observed in chronic constrictive pericarditis. 
In 2 additional cases of tuberculous pericarditis observed recently 
similar electrocardiographic changes (fig. 1) have been shown. 


REVIEW OF REPORTS DEALING WITH THE ELECTROCARDIOGRAM IN 
PERICARDITIS COMPLICATING OTHER CONDITIONS 
Acute Rheumatic Fever—That pericarditis is a more frequent 
accompaniment of acute rheumatic carditis than is generally appreciated 


‘8 who found that the hearts 


was emphasized by Friedberg and Gross, 
of 28 (70 per cent) of 40 patients dying of cardiac failure during acute 
rheumatic fever showed grossly distinguishable universal pericarditis, 
while all of them showed microscopic evidence of pericarditis. 

Most of the reports on the electrocardiograms of groups of patients 
with acute rheumatic carditis were published in the years before the 
electrocardiographic pattern of pericarditis was generally known. In 
many of the instances reported it is impossible, because of the lack 


19. Friedberg, C. K., and Gross, L.: Pericardial Lesions in Rheumatic Fever. 
Am. J. Path. 12:183-204 (March) 1936 
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of detailed clinical data, to be certain whether or not pericarditis was 
present. Some of the electrocardiograms alleged to show the most 
marked evidence of myocardial damage or involvement of the coronary) 
arteries by the rheumatic process were characteristic of pericarditis, 
and the presence of pericarditis was frequently mentioned in the pro- 
tocols of the cases. Lukomski*® is the only author who described 
electrocardiograms with many characteristics of pericarditis and who 
stated that there was no clinical evidence of pericarditis in the reported 
cases. Only pathologic study could be regarded as excluding peri- 
carditis with certainty in such cases. 

Winternitz and Langendorf * stated that there have been no reported 
instances of the occurrence of the electrocardiographic pattern of peri- 


IV 


a b c 


Fig. 1—The electrocardiographic changes observed in these 3 patients with 
tuberculous pericarditis are the same as those observed in chronic constrictive peri- 
carditis of undetermined origin and give no clue as to the tuberculous nature of 
the process. 

(a) Standard electrocardiogram and tracing from the fourth lead obtained in 
a patient with chronic constrictive pericarditis. When a pericardiectomy was per- 
formed 750 cc. of fluid was found in the pericardial sac. The pathologic diagnosis 
on the basis of specimens removed from the pericardium was tuberculosis. 

(b) Standard electrocardiogram obtained in a patient with pericarditis. At 
necropsy the diagnosis was cardiac hypertrophy and chronic tuberculous peri- 
carditis. 

(c) A standard electrocardiogram and tracing from the fourth lead obtained 
in a patient whose clinical history strongly suggested the presence of tuberculous 
pericarditis. 


20. Lukomski, P.: Elektrokardiographische Beobachtungen bei akutem Rheu 
matismus, Deutsches Arch. f. klin. Med. 174:268-288 (Nov.) 1932 
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arditis in cases of acute rheumatic carditis in which it had been shown 
pathologically that there was no pericarditis. In their 18 cases of 
heumatic pericarditis the form of the electrocardiogram was inde- 
pendent of the amount of effusion, and the appearance of the features 
characteristic of pericarditis coincided with that of the other clinical 
evidences of pericarditis and was not related to the general course of 
the rheumatic myocarditis. The authors did not deny that it is pos- 
sible that the electrocardiographic alterations in rheumatic pericarditis 
may be an expression of involvement of the myocardium by the peri- 
carditis. The electrocardiograms in all of the 8 cases in which tracings 
were obtained repeatedly went through the stage of inversion of the 
T wave to restitution of a normal appearance between the fifth and the 
thirteenth week. 


a b °<¢ fe} 

Fig. 2.—Electrocardiograms were obtained for a patient with rheumatic peri- 
carditis with probable effusion (a) on February 25, (b) on February 26, (c) on 
February 27, (d) on April 9 and (¢) on August 19. The patient complained of 
pain in the chest, and friction rub was heard first on February 25. Note the 
minimal deviation of the RS-T segments, the evolution of the changes in the T 


waves, and the stage at which the T waves tend to be isoelectric (c and d). 


Since pericarditis has such a great incidence in cases of rheumatic 
heart disease and since its existence can be excluded only by necropsy, 
it is never safe to exclude pericarditis as an explanation of deviation 
of the RS-T segment or of changes in the T wave in the electro- 
grams of patients with rheumatic fever. Figure 2 illustrates the 
changes observed in such a case and the eventual return to normal 
of the electrocardiogram after several weeks. 





300 ARCHIVES OF INTERNAL MEDICINE 

Wounds of the Heart.—Electrocardiographic studies followin 
operations for wounds of the heart contain few references to the rok 
of pericarditis in the production of the observed electrocardiogramis 
although it is obvious that pericarditis is always present as a result oi 
the operative incision of the pericardium, the escape of blood into th 
pericardial sac or the introduction of infection by the object causing 
the wound. Furthermore, most authors have not distinguished between 
the electrocardiograms of patients with damage to the left coronary) 
artery (which was the artery involved in all but 1 instance and the 
electrocardiograms of patients with no damage to the major divisions 
of the coronary artery. The latter point may seem irrelevant to a 
demonstration of the role of pericarditis in the electrocardiographic 
pattern. However, it seems that the best approach to interpretation 
of the role of any one pathologic process in this situation is to 
search for the characteristic effects of all the processes which might 
conceivably be reflected in the electrocardiograms. 

30th pericarditis and acute cardiac infarction are known to affect 
the electrocardiogram in ways which are usually characteristic. The 
combined effect has been observed and reported after experimental 
ligation of a coronary artery,’* as well as in cases of the complication 
of cardiac infarction by pericarditis.** The electrocardiographic effect 


of a wound involving in most cases only a small portion of cardiac 


muscle has not been established. To disregard the influence on the 
electrocardiogram of the myocardial infarction consequent to sever 
ance of a coronary artery and pericarditis and to attribute the changes 
in the electrocardiograms in these cases to the myocardial damage of 
the wound does not seem reasonable. Careful scrutiny of the electro- 
cardiograms in cases of cardiac wounds in which there was incidental 
involvement of the left coronary artery and in cases in which there was 
not such involvement reveals slight but definite differences. A review 
of reported instances in which electrocardiograms were obtained during 
the period after operation, when diagnostic deviations of the RS-T 
segment might be expected, reveals the following differences in the two 
groups of cases: 

In the 3 cases in which there was involvement of the left coronary 
artery a depression of the RS-T segment in lead III reciprocal to 
elevation of this segment in lead I was present at some time.** In 


21. Winternitz and Langendorf.* Barnes and Mann.'2 

22. (a) Elkin, D. C., and Phillips, H. S.: Stab Wound of the Heart: Electro 
cardiographic Studies of Two Cases, J. Thoracic Surg. 1:113-123 (Dec.) 1931. 
(b) Purks, W. K.: The Electrocardiographic Findings Following Ligation of 
the Descending Branch of the Left Coronary Artery in Man, Am. Heart J. 7: 
101-105 (Oct.) 1931. (c) Porter, W. B., and Bigger, I. A.: Nonfatal Stab Wounds 
of the Ventricles, with Electrocardiographic Signs of Coronary Thrombosis and 
Absence of Anginal Pain, Am. J. M. Sc. 184:799-804 (Dec.) 1932. 
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ie 6 cases in which there was no involvement of the coronary artery 
\is reciprocal depression of the RS-T segment in lead III was always 
bsent.*° 

A review of reported instances in which electrocardiograms were 
obtained during the period after operation, when inversion of the T 
wave might be expected to occur, reveals the following differences in 
the two groups of cases: 

In only 3 of 7 cases in which there was involvement of a coronary 
artery was there inversion of the T waves in all three standard leads.** 
lhe experimental studies of Mann and one of us (Barnes) ™ indicated 
that in these 3 cases the effects of pericarditis on the electrocardiogram 
overshadowed the effects of severance of the coronary artery. 

In all 6 cases in which there was no involvement of the coronary 
artery there was inversion of the T waves in all three standard leads,”* 
presumably the result of the pericarditis that always is present in such 
cases. 

The failure of the T waves to become inverted in the three stand- 
ard leads in 4 of the 7 cases in which there was involvement of the 
left coronary artery may be interpreted as illustrating the persistence 
of the tendency toward a reciprocal direction of the T waves in leads 
[ and III as a consequence of cardiac infarction. 

From a practical standpoint, the important point is that the electro- 

cardiogram may serve a useful purpose in determining in the presence of 
a wound in the precordial region whether or not the heart is involved 
and may give some information as to whether a branch of the left 
coronary artery has been severed. 
23. (a) Bates, W., and Talley, J. E.: The Electrocardiograms of Coronary 
Occlusion Following a Stab Wound in the Left Ventricle, Am. Heart J. 5:232-237 
(Dec.) 1929. (b) Koucky, J. D., and Milles, G.: Stab Wounds of the Heart: 
\ Study of Electrocardiographic Changes, Polyserositis (Pick’s Syndrome) and 
Pericarditis, Arch. Int. Med. 56:281-296 (Aug.) 1935. (c) Eakin, W. W.: The 
Removal of a Large Needle from the Heart with Electrocardiographic Changes 
in Rhythm During Operation, Am. Heart J. 8:540-547 (April) 1933. (d) Warthen, 
H. J.: Stab Wound of the Heart: Report of a Case, Ann. Surg. 102:147-152 
(July) 1935. (e) Benet, G., and Spivey, C. G.: Suture of Stab Wound of the 
Heart: Report of Case, J. A. M. A. 104:1979-1981 (June 1) 1935. (f) Porter 
and Bigger.?2¢ 

24. Davenport, G. L.: Suture of Wound of the Heart: Ligating the Inter- 
ventricular Branch of the Left Coronary Artery and Vein, J. A. M. A. 82:1840- 
1845 (June 7) 1924. Oppolzer, R.: Heilung eines Herzdurchschusses mit Durch- 
trennung des hinteren absteigenden Astes der rechten Coronararterie nebst elektro- 
kardiographischer Verfolgung, Deutsche Ztschr. f. Chir. 242:620-627 (March) 
1934. Kment, cited by Oppolzer. 

25. Scherf, D.: Ein elektrokardiographisches Zeichen bei Erguss in Herzbeutel, 
Wien. med. Wchnschr. 43:298-300 (March) 1930. Elkin and Phillips.22@ Porter 
and Bigger.22¢ Bates and Talley.288 Koucky and Milles.23> Eakin.2%¢ 
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Uremia.—Although the recognition of pericarditis in cases of 
uremia is not of great clinical importance, the appreciation of the sourcé 
of the electrocardiographic changes is of considerable interest. The 
illustrates the superimpo- 


26 


second case reported by Wood and White 
sition of the pattern of pericarditis on the previous pattern of marked 
left ventricular strain. While in the first tracing the RS-T segment 
in lead I is depressed and the T wave is sharply inverted, in the tracing 
obtained after the onset of pericarditis there is marked elevation of 
the RS-T segment in leads I and II, with upright and accentuated 1] 
waves (compare fig. 3a and b). Levine ** published the tracings in 
a case in which there was elevation in the three standard leads, whereas 
in the previous tracing the RS-T segments had been isoelectric. Richter 
and O’Hare** reported electrocardiographic studies in 38 cases of 
uremia. Prior to the onset of pericarditis there were only “minor 
changes.” Of 8 cases in which electrocardiograms had been taken 
after pericarditis had developed, the electrocardiograms of 7 wer¢ 
abnormal: transient auricular fibrillation and auricular flutter in 2 
cases, ectopic beats in 3 cases and a transient prolonged PR interval 
in 1 case. There was elevation of the RS-T segment in 2 cases, in 
the three standard leads in 1 and in leads I and II in the other. 

In our cases uremic pericarditis indicated its presence in the electro 
cardiogram by one of two fairly diagnostic changes. The most sig- 
nificant change consisted of elevation of the RS-T segment in leads 
I and II. This change is frequently superimposed on the electrocardio- 
gram of hypertension (fig. 3). The second change concerned the T 
wave, which became negative with little or no deviation of the RS-T 
segment (fig. 4a and dD). 

Pneumonia.—Pyrah and Pain *® stated that in a pathologic study 
of the hearts in 45 cases of purulent pericarditis associated with pneu 
monia and empyema there was complete absence of any acute lesion 
in the cardiac muscle or in the coronary vessels. This observation is 
in marked contrast to the pericarditis observed in pyemic processes, 
such as osteomyelitis, which is often dependent on a tiny abscess or 
septic infarct in the myocardium. The authors *° did not specifically 
mention the condition of the subepicardial myocardium, although it 
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Fig. 3.—Electrocardiograms of a patient with uremia and severe hypertension 
(a) taken before the appearance of clinical signs of pericarditis and (b) taken 


the time clinical evidence of uremic pericarditis was present. 


at t 


lV 


Fig. 4—Standard electrocardiograms and tracings from the fourth lead 
and (b) were taken forty-eight hours apart in the case of a youth aged 19 with 


(a) 


uremic pericarditis and clinical evidence of accumulating pericardial fluid. In spite 
of evidence of pericardial effusion, elevation of the RS-T segment did not occur. 
Except for the preservation of Q,, the tracing looks like a late electrocardio- 
graphic relic of infarction of the anterior portion of the left ventricle. 

Standard electrocardiogram (c) was obtained in a second patient with acute 


pericarditis and signs of increasing pericardial effusion. The elevation of the 
RT segment is almost totally confined to leads I and II. Note, however, the 
absence of depression in the ST segment in lead III, such as would be expected if 
acute infarction of the anterior portion of the left ventricle were present. Note 
the almost straight line of the anterior limb of the RT segment in leads I and II 


and the marked exaggeration of the T waves. 
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can hardly be doubted that there was some extension of the inflan 
matory process into this region in many of the cases. However, th 


absence of involvement of the myocardium as a whole, as well as « 
the coronary vessels, in pericarditis complicating pneumonia and emp, 
ema strengthens the conception that the electrocardiogram is influ 
enced mostly by the inflammatory process in the pericardium and 
subjacent tissues. 

Although some type of change in the RS-T segment is reported in 
a considerable number of cases of pneumonia, the extent of this change 
is not mentioned. Master, Romanoff and Jaffe *° reported the occur- 
rence of changes in the RS-T segment in 93 per cent of their cases. 
To judge from their published electrocardiograms, among which there 
was only one showing well marked elevation of the RS-T segment, 
in a case of acute fibrinopurulent pericarditis, observed at necropsy, 
the changes in the RS-T segment in most cases were probably only 
slight. In the case of pericarditis the coronary arteries were normal, 
and the administration of oxygen had no effect on the level of the RS-T 
segment. In a case reported by Shearer ** in which clinical evidence 
of pericarditis was absent but there were marked monophasic RS-T seg- 
ments in leads I and II, this appearance persisted long after all evident 
cyanosis had disappeared. Although several authors *? have reported 
on electrocardiographic studies in sizable numbers of cases of pneu- 
monia, the relation of the tracings to the possible presence of pericar- 
ditis cannot be determined satisfactorily because the occurrence of 
pericarditis is not specifically mentioned and because the number of 
electrocardiograms in each case is usually not recorded. Winternitz and 
Langendorf* stated that they had never seen the electrocardiographic 
pattern of pericarditis in cases of pneumonia and pleurisy when clinical 
evidence of pericarditis was lacking, nor had they found reports of 
cases in which the electrocardiogram was characteristic of pericarditis 
but evidence of the complication was not seen at autopsy. 

Cardiac Infarction—One of us (A. R. B.) * reported electro- 
cardiographic observations in several cases of pericarditis complicating 
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cardiac infarction. The features of the electrocardiograms in these 
instances included, in the early stage, elevation of the RS-T segment 
in the three standard leads and, somewhat later, either disappearance 
“of the visible effects of the pericarditis, leaving a typical T, (fig. 5a 
and b) or T, pattern, or persistence of the effect of the pericarditis, as 
evidenced by an inversion of the T wave in the three standard leads 


. - 


(fig. 5c, d and e). 


— 


> mentioned three other causes of eleva- 


Winternitz and Langendorf ‘ 
tion of the RS-T segment in the three standard leads in instances of 
cardiac infarction. First, when an infarction of the anterior apical 
region of the left ventricle occurs in association with bundle branch 
block of the common type, the RS-T segment may be elevated in the 
three standard leads. This elevation in the first two leads is a part 
of the usual pattern of infarction in this location, and in the third lead 


a b | Cc 


Fig. 5—In a case of pericarditis complicating acute coronary occlusion elec- 


trocardiogram a@ was taken seven days after acute coronary occlusion and at a 
time when a pericardial friction rub was present. Electrocardiogram 6, taken 
fourteen days later, shows return to a typical late T wave in lead I, a relic of 
acute infarction of the anterior portion of the left ventricle. The patient died of 
pneumonia sixteen months later. Necropsy revealed that the pericardial sac was 
completely obliterated by adhesions. An old healed infarct occupied the anterior 
portion of the left ventricle. Electrocardiogram c was taken in a second case 
seven days after acute coronary occlusion, at a time when a pericardial friction 
rub was present. Electrocardiograms d and e in the same case were taken eleven 
and twenty-six days, respectively, after coronary occlusion. At autopsy, five and 
a half months later, the pericardium was adherent except over the posterior surface 
of the heart. The lower anterior two thirds of the left ventricle was the site of an 
old healed infarct.*3 


it is due to the usual elevation of this segment associated with the fre- 
quent type of bundle branch block. Second, when there is a previous 
pattern of left ventricular strain, the RS-T segment may retain the 











306 ARCHIVES OF INTERNAL MEDICINE 


elevation in the third lead seen in this condition and may beconie 
elevated in the first and second leads, as seen in cases of anter; 
infarction. Third, when there is combined anterior and posterior 
infarction there may be present a Q wave in lead I, a small R wave 
in lead I, no Q wave in the precordial lead (taken by the Wolferth 
method) and lengthened Q waves in leads II and III. Winternitz and 
Langendorf * expressed the opinion that elevation of the RS-T seg:nent 
in all three leads, if accompanied by these changes, should be con- 
sidered as due to combined infarction. 


ANALYSIS OF MATERIAL 

The material for this study is composed of a series of cases in 
which autopsies were performed and a clinical series of cases in which 
electrocardiograms were obtained during a period when pericarditis 
was present, as determined from the protocols. The autopsy series 
includes all cases studied in the department of pathology from 1929 
to 1936, inclusive, with a few additional cases. The clinical material 
includes all cases observed from 1929 to 1937, inclusive, and a few 
additional cases seen in 1937. The large number of cases in which 
chronic pericarditis apparently was only an incidental observation at 
autopsy were not studied in detail because of the frequency with which 
this phenomenon is observed and its well known lack of clinical sig- 
nificance. 

The matter of the presence or absence of a pericardial effusion was 
considered carefully in each case because of the hypothesis of its rela- 
tion to the production of the electrocardiogram characteristic of peri- 
carditis. The presence of an effusion is stated as proved only when 
fluid was aspirated from the pericardial sac during life or was observed 
at necropsy. The presence of an effusion is considered as probable 
when there was positive roentgenographic evidence or physical signs, 
such as shifting cardiac borders or fluctuation of the audibility of heart 
sounds. In the cases classified as those in which there was no known 
effusion this clinical evidence was lacking; no fluid was observed at 
necropsy, which was performed within a sufficiently short time after 
the period of clinical observation that the disappearance of an effusion 
would have been impossible or highly improbable. 

Also, since the stage of pericarditis has an important bearing on 
the electrocardiographic observations, the cases were divided into 
groups in which the condition was acute, subacute or chronic; and for 
those in which the stage of the condition could not be determined 
from the history or pathologic study a separate group, stage indeter- 
minate, was made. Table 1 classifies the cases in this manner. 

In 25 cases necropsy was performed, and in 28 there was no 
necropsy. Table 2 classifies the cases according to causation. 
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METHOD AND STANDARDS OF ANALYSIS OF ELECTROCARDIOGRAMS 


RS-T Segment.—The RS-T segment is that portion of the electrocardiogram 
between the descending limb of the QRS complex and the T wave. It was 
measured with regard to its elevation above or its depression below the isoelectric 


ine. According to the criteria of Pardee,*4 this segment normally may be elevated as 


Pas_eE 1—Frequency Distribution of Cases of Pericarditis According to Staye 
of the Disease and Presence or Absence of Effusion 


Acute pericarditis 
CED re UNI obs sin bccc cess ninvevecwcseens< : ‘ 2 
(b) Probable effusion clea hi saa a a 
(ec) No known effusion..... we REG RAR AUKES CV Ras AD iE a cane 11 
(d) No effusion = 


Subacute pericarditis 
(a) Probable effusion ............. salen daramadnreetalewke watginanae ; 1 
(b) No known effusion 





SOP Me QO, vac vccdececcscaudavs l 
Chronie pericarditis 

(a) Calcified pericardium ver wea onen Pree 9 

(b) Chronie tuberculous pericarditis ; ere 1 
Pericarditis, stage indeterminate 

(a) Proved effusion pveans wae . ‘ : oa ai ; ‘ 

(b) Probable effusion ..... pa anaokeeaenee caves eMide Cnigtnd de newaG 2 

(c) No known effusion ............... 1 
Hematopericardium ........... VakeReedtasdheucienenat wares 1 





TABLE 2.—Frequency Distribution of Cases of Pericarditis 
According to Causation 


Number of Cases 
Acute, subacute and indeterminate stages 


Chronie renal disease with uremia.. tnt ern 1¢ 
Acute rheumatic fever.... sale Semin ne ; ; ‘ , 9 
Postoperative pericarditis ...... Steseee ran Wicera . Bata 5 
Tuberculosis ........ PPR Aer re 1 





Probable tuberculosis ..............+-- a 
Carcinoma involving the pericardium.... 2 

Osteomyelitis with sts er locoecie septicemia Dunes 2 ee 1 
ee ha Re dsinces naan oad 5 1 
Lobar pneumonia 1 
Bronchopneumonia ee 
BE iota cinsexadrsvanvonss 
Associated with bronchopne umonia, entene ly rheumatie 
Unknown ....... PU pay fe eee : a awe v 7 








Chronie stage 
Indeterminate ......... akscenshsanects xen - . 9 


EE «7c hon ceke tei Nedv hams ack atndonne’s ax gues 1 


Hematopericardium (ruptured arteriosclerotie aneurysm of the aorta).. 1 





much as 1 mm. above the isoelectric line in occasional instances. In our study 
an elevation of the RS-T segment was recorded if it was 1 mm. or more. Since 
the RS-T pattern shifted in some cases, the total number of changes in the RS-T 
segment listed exceeds the number of cases. 

T Wave—tThe direction, height and contour of the T waves in each lead were 
observed. The term dome refers to a T wave of lowered voltage with a gradual 
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for Physicians and Students, ed. 2, New York, Paul B. Hoeber, Inc., 1928. 
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ascent and a somewhat prolonged, flattened summit, followed by a gradual descent 
to the isoelectric line. In cases in which there are several tracings the pattern 
the T wave may show considerable variation. Each pattern is listed separatel, 
Therefore, the total number of T wave patterns listed exceeds the number oj 
cases. 

QRS Complex—The amplitude of the QRS complexes was measured. Low 
voltage was considered to be present when the R wave was less than 5 mm. in 
height in the three standard leads. The presence of Q waves in leads I and III was 
noted, and the tracings were analyzed as to whether there were also present the 
Q: and Qs patterns which are known to occur at times in cases of myocardial 
infarction. 

Precordial Lead.—The precordial lead was an anteroposterior lead with th 
anterior electrode connected with the cable on the right arm and placed in the 
fourth intercostal space at a point midway between the left border of the sternum 
and the midclavicular line; the posterior electrode was connected with the cable 
on the left arm and placed just below the angle of the left scapula. In this lead 
there is normally present a Q wave of at least 1.4 mm. in depth. The T wave is 
directed downward in tracings for normal adults, but is upright in a large propor- 
tion of tracings for children, being present more frequently in the younger age 
groups. A T wave of less than 3 mm. in depth is classified as a shallow inversion 
A T wave of more than 7 mm. in depth is classified as an exaggerated inversion. 
The RS-T segment may be depressed as much as 2 mm. and elevated as much as 
0.5 mm. The normal limit below which low voltage may be said to be present 
has not been defined. Measurements are made by adding together Q and R. The 
lead is variously referred to as the precordial lead and the fourth lead. 


CLASSIFICATION OF ELECTROCARDIOGRAMS ACCORDING TO 
DIAGNOSTIC SIGNIFICANCE 
The electrocardiograms in this series of cases may be divided into 
four groups in respect to the extent to which they exhibit the features 
known to be characteristic of pericarditis. The first group of electro- 
cardiograms, designated as pathognomonic, includes those showing a 
combination of features which, at present, is not known to occur in 
conditions other than pericarditis. The second group, designated as 
strongly suggestive, is composed of the electrocardiograms with fea- 
tures which are suggestive of pericarditis and which, when considered 
with the clinical features of the case, are of corroborative or diagnostic 
significance. In the third group, designated as suggestive, are those 
which are less definitely suggestive of pericarditis. The fourth group 
of tracings shows features not suggestive of pericarditis. 
The case records were reviewed with regard to whether or not 


digitalis had been taken during the period in which its electrocardio- 
graphic effects might be present. The electrocardiograms were then 
carefully scrutinized for any evidence of such an effect. Such changes 
were found in only 2 cases. 
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OBSERVATIONS IN THE STANDARD LEADS 


In 3 of the 53 cases the electrocardiograms were pathognomonic of 
pericarditis; in 22 they were strongly suggestive of pericarditis; in 11 
they were only suggestive of pericarditis, and in 17 they were not sug- 
evestive of pericarditis. Table 3 summarizes the observations. 

Elevation of RS-T Segments—Of the 53 cases of all types of 
pericarditis, there were elevations of the RS-T segment of 1 mm. or 
more in one or more of the standard leads in 22 cases. In all but 2 
instances these elevations were in cases of acute pericarditis. In 1 
case hematopericardium was present, and in the other pericarditis, 


TABLE 3.—Frequency Distribution of Cases of Pericarditis in Which Abnormal 
Electrocardiographic Patterns Were Observed 
in the Standard Leads * 





Frequency 
Occurrence of elevation of RS-T segment 


PD Ea Ee ORM BER nec cntecstbaecasdcasheres 3 
In leads I and II.......... 7 aan 9 
In leads II and III.. is ; re : 4 
In lead I..... ‘ : 4 
In lead II.... PT plehiuseeiee nun ee - 5 
pO ee eee ‘ . ? 22 
pee ; . ‘ 31 
Changes in the T waves 
In leads I, II and III.. = awakes or , , 3 5 
In OGG 2 amd Eh. ..cos-.. Kone asc , ; 6 
Be CE MU BEB cvcvaccivasdvaceus : 5 
A) ORR 2 2 GE Ae nner SEER yy gor : ; 5 
Low voltage or isoelectric in leads I, II and III...... 13 
Low voltage or isoelectric in leads I and II ...... Kee : 
Low voltage or isoelectric in leads Il and III ..... 1 
Low voltage or isoelectric in lead I .......... ac 9 
Exaggerated upright T wave...... devin ead tka ekenun end 8 
SE 'o. tennntéhaneduns gekastn renee cetn th ky ene eatad 12 
Total number of cases in which the T wave was changed....... 47 
Total number of cases in which the T wave was not changed... 6 
Changes in QRS voltage 
Low voltage present 20 
Low voltage absent........ awe : saws 33 


Q: and Qs patterns 
A typical Qi: and Qs pattern was not present in any of the cases. In 1 case a 
Qs pattern was approximated 





* Since more than one abnormality may occur at different times in the same case, the 
sum of the number of cases in which different abnormalities of the RS-T and T wave patterns 
occurred is greater than the number of cases in which one abnormality of the RS-T and T 
waves occurred, 


probably in the acute stage, though possibly subacute, existed without 
known effusion. Thus, in 20 of the 32 cases of acute pericarditis 
there was some elevation of the RS-T segment. Elevation of the RS-T 
segment in both leads I and II was the most frequent finding. The 
elevation was greatest in lead II in 10 cases. 

The deviation in the RS-T segment which is most characteristic of 


pericarditis is the elevation in the three standard leads (fig. 6d). 
Frequently the RS-T segments in leads I and II are elevated, while 
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the segment remains isoelectric or is insignificantly elevated in lead 
III (figs. 4c and 6b and c). Significant degrees of reciprocal depres 
sion of the RS-T segment in lead III usually observed in association 
with elevation of the segment in lead I in the T, pattern of infarction 
of the anterior apical portion of the left ventricle did not occur in ou 
cases of pericarditis. 

Although the contour of the RS-T segment characteristic of peri- 
carditis is elevated, it is different from that of cardiac infarction. Since 
in the early stage of acute pericarditis the T wave may be upright 
and sometimes exaggerated, the RT segment is concave upward, as 
contrasted with the upward convexity of the RT segment in acute 
myocardial infarction (compare figure 6d with figure 5c). In other 



































> d e 


Fig. 6—In a case of acute pericarditis with proved effusion a standard elec 
trocardiogram and tracing from the fourth lead (a) were taken on October 30, 
before there was any evidence of pericardial effusion. Standard electrocardiograms 
(b and c) were taken on October 30 and 31, respectively, after pericardial 
paracentesis. Note (1) the elevation of the RS-T segments in the standard 
leads and depression of the RT segment in lead IV and (2) the upward concavity 
of the RS-T segments, ending in upright and exaggerated T waves, in leads I and II 
This electrocardiogram is regarded as pathognomonic of pericarditis. 

In a case of acute pericarditis without known effusion an electrocardiogram (d 
was taken on January 26 and another (¢) on January 30. There was never any 
evidence of pericardial effusion in this case, and the patient was dismissed from 
the hospital in good condition on February 6. Note the similarity of this electro- 
cardiogram to that of the patient tracings for whom are shown in figure 6 
a, b and c, and in whom pericardial effusion was known to be present. Note 
also the rapid reversion of the electrocardiographic pattern to normal without the 
development of negativity of the T wave. 
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inces it rises in a straight line as an inclined plane from its origin 


id in an upright T wave, which may be exaggerated (fig. 4c). In 
iird type the elevated RS-T segment may have a broad domelike 


pe with its convexity directed upward (fig. 7). The elevation 
sometimes disappears after only a few days and is usually of shorter 
duration than in infarction. It may persist until the end of the third 
veck but is rarely observed in cases of subacute or chronic pericarditis. 

Changes in the T Wave.—Changes in the T wave of some type were 
present in 47 of the 53 cases. All 6 cases in which there were no such 
‘hanges were instances of the acute type. 

Early in acute pericarditis the T wave is upright and frequently 
exaggerated (figs. 4c and 6a, b, c and d). In 8 cases this change was 


shown. The T wave may then change to any position between this and 


















































Fig. 7—Electrocardiogram a was taken in a case of rheumatic pericarditis 
without known effusion. Other electrocardiograms were taken (b) on September 7, 
(c) on September 18 and (d) on October 12. Electrocardiogram e is that in 
a second case of pericarditis without known effusion. Electrocardiogram f was 
obtained in a third case of pericarditis without known effusion. Note the dome- 
shaped T waves in the standard leads in a, b and e. Attention is called to the evolu- 
tion of the T waves in b, c and d. Inc, Ti has a “cove plane” contour and T, 
is positive, but Q, is normal, an important fact in the exclusion of acute or sub- 
acute infarction of the anterior portion of the left ventricle. Note the tendency 
of R-T, to be depressed in most of the tracings. Unless one is aware of the 
behavior of the fourth lead in pericarditis an unwarranted diagnosis of coronary 
occlusion may be made. An electrocardiogram (g) was obtained in a case of 
generalized pericarditis without effusion, and the diagnosis was confirmed at 
necropsy. A friction rub was never heard, and the clinical diagnosis was based 
on the electrocardiogram. In this tracing the dome-shaped RS-T segments with 
upward convexity constitute a change sometimes observed in pericarditis (fig. 5c). 
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the inverted form. The changes occur at varying rates, depend 
probably on the nature of the underlying pathologic process. Ther 
also a variability in the extent of the changes in the T wave, since in soi 
cases the T wave does not go through a stage of negativity but revert 
to normal after a period during which it is flattened to a greater or 
lesser degree. 

The stage of T waves of low voltage or of isoelectric T waves 
usually occupies a considerable period, and consequently it will be 
present in a large proportion of the tracings in certain individual cases 
as well as in a group of cases (fig. 2c and d). This fact is exemplified 
by the presence of this form of the T wave in 26 of the cases of the 


present group, in one half of which it occurred in the three standard 


leads. 


IV 


Fig. 8—Electrocardiogram of a patient with exophthalmic goiter. Because 
of the low voltage of the QRS complex and T wave, pericarditis was suspected. 
A typical friction rub was heard first five days after this tracing was taken and 
was present for the succeeding fortnight. T waves of low voltage or isoelectric 
T waves in the standard leads with or without low voltage of the QRS complexes 
always suggest the involvement of the pericardium. Pericardial paracentesis yielded 
no evidence of pericardial effusion in this case. Note the absence of Qu, a phe- 
nomenon rarely observed in cases of pericarditis. There was no clinical evidence 
of coronary disease, and nothing in the history suggested coronary thrombosis. 


T waves of low voltage in all the standard leads, with or without low 
voltage of the QRS complexes, are probably more frequently an indica- 
tion of pericarditis than of any other single cardiac lesion (fig. 8). The 
large proportion of cases of pericarditis in Master’s report in which 
the condition was found to be associated with low voltage of the T 
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s is another indication of the significance of this electrocardio- 
phic abnormality. Frequently, when the T wave is of low voltage 


ay assume a characteristic domelike contour with a gradual slight 


_a flattened summit and a gradual fall (figs. 2c and 7a, b and e). 


ersion of the T wave in all three leads carries the strongest sugges- 
of pericarditis, but in our study there were an equal number of 

instances of its inversion in leads I and II, in leads II and III and in 
lead I alone. 

Although the inversion of the T wave in pericarditis is similar in 
contour to the inversion in cardiac infarction, its depth is not as great 
as in some instances of infarction. Also inversion of the T wave does 
not occur in pericarditis while the RS-T segment is elevated, in con- 
trast to the prevalence of this pattern in cases of infarction. In instances 
in which the T wave is inverted in lead I while it is upright in lead II 
there is a lack of the exaggerated positivity of the T wave in lead III 
which is seen in the pattern of the subacute stage of infarction of the 
anterior portion of the left ventricle. The reciprocal deviation of 
the RS-T segment observed in acute coronary thrombosis is lacking 
usually in pericarditis. 

Voltage of the QRS Comflex.—A relation between the low voltage 
of the ORS complex in all the standard leads and the presence of a 
pericardial effusion was observed in 3 of the 5 cases of proved effu- 
sion and in 5 of the 9 cases of probable effusion. In the 3 cases 
of proved effusion in which there was low voltage of the QRS complex, 
the amounts of fluid observed by pericardial paracentesis were 250, 500 
and 800 cc., respectively. In 1 of the 2 cases of proved effusion in 
which low voltage of the ORS complex was absent, 150 cc. was found 
at necropsy and in the other 300 cc. was obtained on pericardial para- 
centesis. Low voltage of the QRS complex in all three standard leads 
was observed in 5 of the 9 cases of calcification of the pericardium, in 
the case of chronic tuberculous pericarditis, in 3 cases in which there 
was known effusion and in 2 cases in which there was no effusion. 

Electrocardiograms taken in 2 cases after pericardial paracentesis 
showed no significant changes in ORS voltage (fig. 6a and b). In 1 
case there was a slight decrease in voltage during the period when 
fluid was known to be accumulating. In several cases the voltage was 
lowest during the acute phase of the disease and increased appreciably 
during recovery. 

Changes in the Q Wave—Although small Q waves were present 
in a number of cases, a Q, pattern was approximated only in a case 
in which there was an associated cardiac lesion of indeterminate type. 
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OBSERVATION IN THE PRECORDIAL LEAD AND COMPARISON WITH 
THOSE OF THE STANDARD LEADS 

Tracings from precordial leads were obtained in 17 cases. They 
seldom gave crucial diagnostic information of pericarditis which was not 
present in the standard leads. They were frequently within normal 
limits in the presence of definite changes shown by the standard leads 

Elevation of the RS-T Segment.—There were 4 cases in which the 
RS-T segment was elevated in one or more of the standard leads and 
was isoelectric in the precordial lead. In all the 4 cases in which the 
RS-T segment in the precordial lead was abnormally depressed it was 
elevated in the standard leads (figs. 6a and d and 7) and f ). 

Changes in the T Wave.—The T wave in lead 1V was upright in 
6 cases. In 3 of these cases there were significant inversions of the 
T wave in the standard leads, and in 2 cases the T waves were of low 
voltage in all the standard leads. In 1 case there were only minor 
changes in the T wave in leads I, II and III, while T, was markedly 
upright. There were 3 cases in which the T wave in the precordial 
lead was diphasic or isoelectric. In all these cases there were sig- 
nificant changes in the T waves in the standard leads. In 8 cases 
there was shallow inversion of the T wave in the precordial lead, and 
in these cases there were significant changes in the T waves in the 
standard leads. There were 2 cases in which the T wave in lead LV 
was inverted and of normal depth; in both cases there were significant 
changes in the T wave in the standard leads. There were 2 cases 
in which the T wave in lead IV was exaggerated in depth. In both 
these cases the T wave in the standard leads was upright or exagger- 
ated (fig. 7f). 

Q Wave—tThe Q wave in lead IV was absent in 1 case, that of a 
boy aged 15 with acute rheumatic fever (fig. Za). There were on 
record no electrocardiograms made before this attack or since his 
recovery. 

Absence of the Q wave was noted in a number of the cases of 
chronic tuberculous pericarditis reported by Harvey and Whitehill.’ 
In 1 case in our series and in 2 additional cases of pericarditis observed 
since the completion of this study the Q wave was absent in the Wol- 
ferth precordial lead. In 1 of the cases in which lead IV F was taken 
the R wave likewise was practically absent. It was hoped that the 
presence of a normal QO wave in the Wolferth lead in cases of peri- 
carditis would be so constant as to be useful in excluding the occurrence 
of infarction of the anterior portion of the left ventricle as a possible 
cause of the electrocardiographic changes. in general our studies indi- 
cate that the Q wave in lead IV is infrequently absent in pericarditis 
When it is absent the presence or absence of anterior infarction or its 
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conjoint existence with pericarditis will have to be determined by the 
presence or absence of Q, and T, patterns. 


COMMENT 

Theoretic Conceptions of the Causation of the Electrocardiographic 
Pattern of Acute and Subacute Pericarditis—The work of Vander 
Veer and Norris and of Bellet and McMillan '® seems to indicate that 
the relation between the characteristic pattern of pericarditis and the 
presence of subepicardial myocarditis, observed experimentally by 
Fowler, Rathe and Smith * and by Herrmann and Schwab,’ exists also 
in clinical instances of pericarditis. It has also been repeatedly demon- 
strated that the introduction of fluid under pressure into the pericardial 
cavity of animals produces changes in the RS-T segment of the electro- 
cardiogram similar to those observed in clinical instances of pericarditis. 

Whether or not pericardial effusions affect the electrocardiogram 
in clinical instances of pericarditis through a physiologic mechanism 
similar to that in these experiments is questionable. The experiments 
of Foulger and Foulger,® mentioned previously, seem to us to be par- 
ticularly significant in this connection. Their implications would greatly 
limit the frequency of occurrence of conditions in which this mechanism 
might conceivably be responsible for the electrocardiographic pattern. 
One might reasonably expect that this would occur in cases in which 
there is clinical evidence of cardiac tamponade, such as in cases of 
hematopericardium and massive purulent effusions. One might rea- 
sonably expect that it would not occur in cases in which cardiac 
tamponade is not present. Rheumatic pericarditis, in which electro- 
cardiographic changes are frequently encountered, practically never leads 
to cardiac tamponade, and the amount of pericardial fluid in most cases 
of pericarditis due to varying factors is insufficient to produce cardiac 
tamponade. 

The proof of this reasoning must come from a correlation of the 
clinical evidences of the presence or absence of fluid with the electro- 
cardiographic pattern in cases of pericarditis. Also, the effect on the 
elevation of the RS-T segment of the removal of pericardial effusions 
gives information concerning the part played in the production of the 
electrocardiogram by the pressure of the fluid. Numerous examples 
of such observations have appeared in the literature, and there seems 
to be no constant relation in the majority of instances,®° a fact verified 
by our own experience. 





35. Holzmann, M.: Elektrokardiographische Befunde bei Perikarditis, Helvet. 
med. acta $3:249-257 (July) 1936. Vander Veer and Norris.2 Winternitz and 
Langendorf.? Bellet and McMillan.1° Peel.18 Schéndorf.14 
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Figure 6a shows well marked elevation of the RS-T segment iy a, 
case of pericarditis with purulent effusion. Removal of 250 cc. of 
pus resulted in the heart sounds becoming clearer, but the electrocar«io- 
gram taken soon after (fig. 6b) showed no lessening in elevation of 
the RS-T segment. Figure 3b shows well marked elevation of the 
RS-T segment in a case of pericarditis secondary to uremia in which 
necropsy a few days later did not show pericardial effusion. In 2 
other cases in which there were no clinical signs of pericardial effusion, 
well marked elevation of the RS-T segment was present (figs. 6d 
and 7g). In both these cases physical examination and cardiac roent- 
genograms revealed no evidence of pericardial effusion. 

Factors Determining the Incidence of Electrocardiographic Changes 
of Diagnostic Value in Pericarditis—In the first few days after the 
onset of pericarditis the electrocardiogram usually shows elevation of 
the RS-T segment, which has an upward concavity of contour or is 
almost a straight line ascending at an angle to end in an upright, and 
at times an exaggerated, T wave. This observation, especially when 
it occurs in all three standard leads, is peculiarly characteristic of peri- 
carditis and is therefore of great diagnostic value. Somewhat later, after 
the RS-T segment has returned to the isoelectric line, the series of 
changes in the contour and direction of the T waves appears. When all 
three standard leads are similarly involved, the electrocardiogram is 
characteristic. Otherwise, the evolution of the change in the T wave 
observed by taking repeated electrocardiograms provides much greater 
diagnostic aid than the pattern in a single tracing. There is no doubt 
that the electrocardiographic pattern of chronic pericarditis is frequentl) 
less characteristic than that of other stages of the disease. The tracing 
lacks the change in the RS-T segment seen in the acute stages. The 
inversion in the T wave is not characteristic. However, the pattern is 
remarkably uniform in the great majority of instances and is nearly 
always suggestive of pericardial involvement (fig. 9). This suggestion 
is often of value in arousing one’s suspicion that pericarditis is present 
and leads to further diagnostic procedures. 

In rare instances many clinical features may point to the presence of 
pericarditis with effusion when the underlying lesion is actually severe 
myocardial damage with extreme cardiac dilatation. Two such instances 
were discovered in the review of the present series of cases. In both 
cases the cardiac silhouette on roentgenologic examination suggested a 
pericardial effusion. In both the diagnosis of pericarditis with effusion 
was made, and pericardial paracentesis was performed, with negative 
results. The ages of the patients were 18 and 35, respectively. 
Necropsy in the first case revealed marked myocardial fibrosis and 
ventricular dilatation, of indeterminate origin; in the second occlusion 











ww 
NI 


NOTH-BARNES—PERICARDITIS 


of the left coronary artery with chronic infarction of the left ventricle 
and marked ventricular dilatation was observed. The pericardium was 
ormal in both cases. The tracings in the first case (fig. 10a) showed 
narked notching of the ORS complex in lead II and a prominent Q wave 
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Fig. 9—Standard electrocardiograms and tracings from the fourth lead in 4 
cases of chronic constrictive pericarditis, with calcification proved at operation. 
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Fig. 10.—Electrocardiograms obtained in 2 cases of marked myocardial damage, 
in which the clinical pictures resembled pericarditis but in which the pericardium 
was proved normal at autopsy. The low voltage of the QRS complexes and of 
the T waves suggests pericarditis, but notching of the QRS complexes is important 
in avoiding such a conclusion. 


in lead I; in the second case (fig. 10b) there were widening and marked 
notching of the QRS complex. The QRS complex in chronic peri- 
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carditis, though of low voltage, is nearly always free from widening 
and notching, and prominent Q waves are not seen. Thus, the electro- 
cardiogram may be of aid in the differential diagnosis in cases in which 
other clinical data may be misleading. 

In considering the grading of the diagnostic value of the electro- 
cardiograms in the cases in the present study, we attempted to be con- 
servative. The electrocardiograms classified as pathognomonic are 
illustrated in figures 6 and 7 g. Two of the three tracings in these 3 cases 
were obtained within the first two days following the onset of symptoms. 
The average number of tracings of each class obtained per patient was 
as follows: pathognomonic, 3.5; strongly suggestive, 5; suggestive, 1.8, 
and not suggestive, 1.2. The majority of the patients comprising this 
study were under observation during the period preceding the develop- 
ment of knowledge of this subject and therefore were not carefull) 
studied cardiographically. The occurrence of pathognomonic tracings 
in 3 cases and of strongly suggestive tracings in 22 cases, making a com- 
bined total of nearly 50 per cent of the whole group, would seem under 
the circumstances a favorable comment on the frequency of the occur- 
rence of electrocardiographic changes of diagnostic value. It is undoubt- 
edly true that the opportunity to obtain tracings in the early stages of 
pericarditis and the ability to take serial tracings in the course of the 
disease will increase the frequency with which characteristic or diag- 
nostic electrocardiograms are observed. 


SUM MARY 

In acute pericarditis the most characteristic electrocardiographic 
change consists in elevation of the RS-T segment and in exaggerated 
T waves in the standard leads. The RS-T segment may be elevated in 
all three leads, which constitutes the most characteristic picture, or in 
leads I and II, in leads II and ITI or in lead I alone. Reciprocal depres- 
sion of RS-T, when RS-T, is elevated and depression of RS-T, when 
RS-T, is elevated are rarely observed, and this characteristic serves to 
distinguish these changes from those observed after acute myocardial 
infarction. In acute pericarditis the ascending limb of the elevated 
RS-T segment is concave or ascends as a straight line of an upward 
inclined plane, in contrast to the convex contour of this limb seen fre 
quently in tracings in cases of acute myocardial infarction. In the earl) 
stage the T waves may be exaggerated and rather sharp (fig. 4c), or 
they may have a dome-shaped summit (fig. 7g). 

The elevation of the RS-T segment in acute pericarditis is apt to be 


transitory, certainly more so on the average than the elevation observed 


after acute myocardial infarction. In the subacute stage of pericarditis 
the elevations disappear, and the standard leads may return to normal 
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e followed by T waves of low voltage, by dome-shaped or isoelectric 
[ waves or by actual negativity of the T waves. Negativity or low 

tage of the T waves in all the standard leads constitutes the most 
suggestive picture of pericarditis at this stage. The T wave, if inverted, 
may have a contour closely resembling the “cove plane” T wave observed 
in the stage of healing of myocardial infarction, though frequently it 
lacks the depth of the T wave commonly observed in the latter condition. 

Elevation of the RS-T segments and exaggerated T waves in the 
standard leads can be produced by a rapidly accumulating effusion, but 
effusion is not essential in the production of such changes. 

The presence of pericarditis complicating coronary occlusion will be 
signalized chiefly by elevation of the RS-T segments in the three 
standard leads or in leads I and II, with little or no elevation but with 
absence of reciprocal depression of the segment in lead III. If this 


pattern is succeeded by negativity of the T waves in all the standard 


leads, the evidence for pericarditis complicating coronary occlusion is 
greatly strengthened. It is probable that pericarditis complicating acute 
infarction of the posterior portion of the left ventricle will cause eleva- 
tion of RT, or prevent the depression of ST,, normally anticipated in 
this condition. Pericarditis complicating acute myocardial infarction 
frequently interferes with the development of T, and T, patterns. How- 
ever Q, and Q, patterns may be present to indicate the site of infarction 
and to suggest that pericarditis alone is not responsible for the electro- 
cardiographic changes. Absence of a QO wave in the Wolferth lead and 
of an R wave in lead IV suggests, but does not denote positively, that 
acute infarction of the anterior portion of the left ventricle has occurred. 

In tuberculous pericarditis we have not observed the elevation of 
the RS-T segment, though it is conceivable that it might occur in an 
acute stage. The changes observed in this condition are chiefly those 
observed in chronic constrictive pericarditis. 

The electrocardiographic changes observed in chronic constrictive 
pericarditis and at certain stages of healing in acute pericarditis in some 
patients include (1) low voltage of the QRS complexes in all the 
standard leads, (2) low voltage of the T waves in all standard leads or, 
in the most characteristic instances, inversion of the T waves in all 
standard leads and (3) dome-shaped, flattened, isoelectric or negative 
T waves in one or more standard leads (fig. 9). 

Typical Q, or QO, patterns have not occurred in our series of cases of 
pericarditis unassociated with acute myocardial infarction. 

The precordial lead may or may not exhibit significant changes. The 
chief changes observed are reversal of the normal direction of or shallow- 
ness of the T wave. In acute pericarditis there is a tendency to depres- 
sion of the RT segment in the Wolferth lead, though it may be absent 
when elevations of the RS-T segment are present in the standard leads. 
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In most instances the Q wave is preserved in a normal form, an obser 
tion which is of considerable value in excluding the occurrence of acut 
infarction of the anterior portion of the left ventricle. 

Unless tracings are taken within two or three days after the on 
of acute pericarditis, diagnostic electrocardiographic changes may ly» 
missed. Serial tracings taken over a period of days, or even weeks, may 
be required to differentiate the tracings of pericarditis from those oj 
acute myocardial infarction. A rapid return to normal is often sufficient 
to exclude the latter condition. 

Considerable experience and detailed knowledge may be required to 
recognize the electrocardiographic evidences of pericarditis. Occasionally 
they are diagnostic. Frequently they are suggestive and direct clinical 
studies toward the proper diagnosis. They must be correlated with the 
clinical picture and observations to serve their greatest usefulness. 
Familiarity with the changes is essential if confusion with other cardiac 
lesions is to be avoided. Pericarditis is much more frequent than is 
suspected ; its recognition is often difficult but is highly important, anc 


| 
a proper understanding of the electrocardiographic changes produced 
] 
i 


by it will result in a great increase in the proportion of cases recognize: 
in medical diagnosis. 





PURE MITRAL STENOSIS IN YOUNG PERSONS 
BERNARD J. WALSH, M.D. 
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BOSTON 


\ comprehensive study of more than 1,700 children and adolescents 
with rheumatic fever has been in progress since 1920 at the House of the 
Good Samaritan in Boston. This large group includes 81 patients who 
have acquired the physical signs of so-called pure mitral stenosis. 

These physical signs consist of (1) a low-pitched (often coarse) 
murmur at or near the cardiac apex, which begins in mid or late diastole 
and ends with crescendo in (2) an abrupt, slapping first sound. <A cor- 
responding thrill and shock are commonly associated with the more 
advanced lesions, and accentuation of the pulmonary second sound 1s 
usually present. For our purpose in this special study we have excluded 
a considerable number of patients with undoubted mitral stenosis who, 
in addition to the physical signs mentioned, had a blowing systolic 
murmur at the cardiac apex, characteristic of associated mitral regurgita 
tion. We realize that in many of these patients (especially when the 
diastolic murmur is prominent and the systolic murmur is minimal ) 
the clinical distinction between “pure” stenosis and a combined form 
of deformity of the mitral valve may be artificial. However, it has 
seemed best to confine our present observations to the group with 


uncomplicated mitral stenosis. Furthermore, we have excluded those 


patients (relatively few) in whom signs of free aortic regurgitation 


developed concurrently with their mitral valve deformity, to avoid the 
possibility of error in interpreting the apical diastolic murmur present 
in some as due to mitral stenosis, whereas actually in a few instances it 
may have been an Austin Flint phenomenon. We have, however, 
retained in this special group with “pure” mitral stenosis 19 patients 
who from the onset had evidence of slight involvement (regurgitation ) 
of the aortic valve, manifested by a soft blowing murmur early in 
diastole at the base of the heart, as well as 34 additional patients in 
whom this sign appeared later. Whether or not this may represent, 


From the House of the Good Samaritan. 
The expenses of this study have been defrayed by a grant from the Common- 
wealth Fund. 
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in an occasional instance, slight functional insufficiency of the pulmonary 
valve (Graham Steell murmur) rather than of the aortic valve is here 
of academic interest. We believe that such an interpretation is rarely 
justified, and then only in the presence of strongly supporting collateral 
evidence in the pulmonary circuit as well as in the heart. Auricular 
fibrillation, not present in any of the patients when mitral stenosis was 
first established, developed later in 3. 

This special group of patients with pure mitral stenosis is of interest 
primarily because of (1) the observed evolution of the physical signs 
in the heart and (2) the manifestations of the rheumatic fever in these 
persons, which have been sufficiently unusual to suggest that a rather 
characteristic form of the disease favors the later development of this 
particular deformity in young people. Furthermore, it throws additional 
light on certain clinical features of mitral stenosis in adult patients. 
The average age at which the initial rheumatic fever began in this 
special group was 9.3 years, which closely approximates the age of onset 
in our larger series of 1,700 patients. No patient beyond 21 years of 
age at the onset of the rheumatic fever has been included. 


DEVELOPMENT OF PURE MITRAL STENOSIS 


The changing physical signs in the heart prior to the stage of pure 
mitral stenosis have been observed in 48 of the patients in our group. 
In the remaining 33 patients the signs were already established when 
the patients were first seen by us. 

In table 1 we have arranged the 48 patients with the observed evolu- 
tion of physical signs into two subgroups, according to the presence or 
the absence of demonstrable cardiac involvement with the initial rheu- 
matic fever. The majority (27 patients) had auscultatory signs of 
valvular disease from the onset, consisting of: (1) a loud, blowing 
systolic murmur at the cardiac apex (mitral regurgitation), in 5 
instances; (2) a loud systolic murmur and a poorly defined diastolic 
rumble at the apex (involvement of the mitral valve—mitral regurgita- 
tion and questionable stenosis), in 15 instances; (3) a short, low-pitched 
diastolic murmur after the third heart sound at the apex, without 
crescendo or accentuation of the first sound and without an accom- 
panying systolic blow (involvement of the mitral valve—questionable 
stenosis), in 4 instances; (4) a slight diastolic blow after the second 
sound at the base of the heart, usually best heard to the left of the upper 
portion of the sternum and unassociated with murmurs at the cardiac 
apex (slight aortic regurgitation), in 3 instances. A similar murmur 
was present in 53 of the 81 patients in our series, in addition to the signs 
of involvement of the mitral valve already noted. 
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[he second subgroup (table 1) consists of the 21 patients who 
on recovery from their initial rheumatic fever had no clinical evi- 
dence of cardiac involvement—so-called potential rheumatic heart disease. 
The subsequent appearance and the later progression of the physical 
signs in the heart prior to the establishment of pure mitral stenosis are 
best displayed by this relatively small, but closely followed, group. The 
first evidence to appear in 2 of these patients was a systolic murmur at 
the cardiac apex consistent with mitral regurgitation. This, in turn, 
slowly progressed to the next stage, represented by the apical systolic and 
diastolic murmurs of mitral regurgitation and stenosis. In 3 additional 
patients the latter combination appeared directly as the first indication 
of heart disease. Later, over a period of years, the systolic murmur 
eradually became less loud, and ultimately it disappeared as the diastolic 


TABLE 1.—Development of Pure Mitral Stenosis (48 Patients) 











Number of Patients 
ee eee 
Period from Onset of Rheumatic Fever to 
Established Mitral Stenosis (Years) 
Es 
Original Status 1-5 6-10 11-15 16-20 20-24 





Group 1: Rheumatie heart disease.......... 
(1) Mitral involvement (regurgitation) 
(2) Mitral involvement (regurgitation 

Ey Serr ; 
(3) Mitral involvement (? stenosis) 
(4) Aortic regurgitation (slight) 


Group 2: Potential rheumatic heart disease 


Totals 


murmur and first heart sound acquired the characteristics of pure 
stenosis. In contrast to this sequence of events, the earliest physical 
sign to appear in the remaining 16 patients (75 per cent) was a short 
mid-diastolic murmur, following a rather prominent third sound, at the 
apex of the heart. This slight apical diastolic murmur slowly evolved 
into the characteristic crescendic presystolic murmur of mitral stenosis, 
without the occurrence at any stage of a systolic murmur. We suspect 
that the absence of significant enlargement of the heart during the years 
after the initial rheumatic fever is primarily responsible for the absence 
of an associated systolic murmur. Minimal involvement of the aortic 
valve (slight regurgitation) became manifest at the same time in 8 
patients, and in 1 instance it preceded by several months the appearance 
of the mitral diastolic murmur. 

It is to be further noted from table 1 that in relatively few instances 
(5 patients) did pure mitral stenosis become established in the first five 
year period. The earliest occurrence was three years after the initial 
attack of rheumatic fever. In the majority of the patients (27) it devel- 
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oped during the second five year period, but there remained a considera- 
ble number (14) in whom the characteristic signs did not bec 
established until the third five year period after their original rheum 


r 
tic 
fever. In 2 patients of this series pure mitral stenosis was established 
more than twenty years after their original illness. These clinical obser 
vations are in close agreement with previously recorded postmortem 
studies, in which it was shown that the ultimate development of exten 
sive valvular deformity of the mitral orifice (either with or without 
actual stenosis) probably requires a minimum of two years, and in most 
instances a considerably longer period. 


SPECIAL FEATURES OF THE RHEUMATIC FEVER 
Rheumatic fever in this group of 81 patients has been characterized 
by a mild course. The evidence for this conclusion is based on thre: 
important aspects of the disease: (1) the actual clinical manifestations 
of rheumatic fever; (2) the incidence and degree of the initial involv: 
ment of the heart, and (3) the subsequent complications. 


TABLE 2.—Relative Severity of Rheumatic Fever (81 Patients) 


Number of Patients 


Initial Attack Later Recurrer * 


Chorea (uncomplicated) . 17 
Rheumatic fever (mild)... 63* 
Rheumatie fever (severe).. l 


Total.. ; ‘ 81 


* No recognizable illness, 4; poor health, 13; poor health plus joint pains or chorea, 46. 


Clinical Manifestations ——An appraisal of the relative severity of 
rheumatic fever as regards both the first attack and later recrudescences 
is summarized in table 2. For the purpose of this appraisal we con- 


sidered one or more of the following clinical signs to be indicative of 
a relatively severe form of rheumatic fever: subcutaneous nodules, 
exsanguinating nosebleeds, pericardial friction rub, pulmonary or pleural 
involvement, severe febrile episodes or congestive heart failure. The 
initial illness was manifested by uncomplicated chorea in 17 patients. This 
so-called pure chorea is considered by us a manifestation of mild rheu 
matic fever.2, The remaining 64 patients (with 1 exception) were also 
considered to have a mild form of rheumatic fever, on the basis of the 
absence of a recognizable illness prior to the appearance of heart disease 


1. Bland, E. F.; White, P. D., and Jones, T. D.: The Development of Mitral 
Stenosis in Young People, Am. Heart J. 10:995 (Dec.) 1935. 

2. Jones, T. D., and Bland, E. F.: Clinical Significance of Chorea as a Mani- 
festation of Rheumatic Fever, J. A. M. A. 105:571 (Aug. 24) 1935. 
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in +, a period of poor health of obscure nature immediately preceding the 

earance of heart disease in 13 and, in addition to poor health, either 
characteristic joint pains or chorea in the remainder (46). There was 
only 1 patient whose initial illness was considered to be severe by the 
foregoing criteria. 

Recrudescences occurred in 69 (85 per cent) of the 81 patients. In 
the majority the later rheumatic manifestations were similar to those 
of the original attack, except that in 8 instances the subsequent clinical 
signs indicated a more severe form of the disease than had been present 
at the onset. 

Involvement of the Heart.—The extent of cardiac involvement, as 
shown by the size of the heart, is probably the most reliable index of the 
relative severity of rheumatic fever in childhood. In general, both the 


TABLE 3.—Change in Size of the Heart (81 Patients 


Number of Patients 


Original Size of Heart Present Size of Heart* 


Enlarged Enlarged 
Mod Mod 
Original Status of Patients Normal Slight erate Marked Normal! Slight erate Marked 
ntial rheumatie heart disease... 21 ws ; 10 ll 


umatie heart disease 

Mitral involvement (regurgita 

tion) cone oe 

Mitral involvement (regurgita 

tion and ? stenosis) 

Mitral involvement (? stenosis) 

Aortic regurgitation (slight)... 

Mitral involvement (established 

stenosis) , a fey 
Totals... 


* Prior to final fatal {fllness in 11 cases. 


incidence of involvement and the degree of enlargement (dilatation) 
parallel the severity of the clinical manifestations of the disease; occa- 
sionally notable exceptions are encountered. 

In table 3 is shown the distribution of the patients according to the 
size of the heart, both at the time of the original illness and after 
the development of pure mitral stenosis. It is to be noted, first, that 
recognizable involvement was present with the initial attack of rheumatic 
fever in only 57 per cent (60) of the patients, whereas our experience 
with the larger group of 1,700 patients indicates an initial involvement 
of the heart in approximately 70 per cent. Second, and perhaps of 
more importance, are the data for the size of the heart, both at the onset 
and during the subsequent course of the disease. The high percentage 
(73 per cent) of patients with no initial enlargement and the infrequency 
of even a moderate degree of enlargement for the remainder are striking. 
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The subsequent failure of the heart to enlarge significantly in the 
majority of the patients, in the presence of both recurring infection and 
developing stenosis, is an additional and important indication of the 
relative mildness of rheumatic fever. 

Subsequent Complications.—To date, the subsequent course has been 
favorable for the majority of these patients, as reflected by the relative 
mildness of their recurrent rheumatism, the failure of the heart to 
enlarge significantly, the maintenance of an excellent functional reserve 
and the relative freedom from serious complications. Of the total group 
of 81 patients, 53 (65 per cent) are leading normal lives, while 13 
(16 per cent) are slightly limited and 4 (5 per cent) are moderately 
limited by dyspnea on exertion. The remaining 11 patients (13 per cent) 
have died. This is in striking contrast to a death rate of approximately 
24 per cent for a control group of 1,000 young rheumatic patients, of 
essentially the same age, followed for a comparable length of time 
(ten years). 

Of the 11 deaths, rheumatic fever (and heart failure) was responsi- 
ble for 5, pulmonary embolism (questionable acute pulmonary edema) 
for 2 and postoperative heart failure and bronchopneumonia for 1 each, 
and in 2 instances the cause of death could not be ascertained. Two 
patients were examined post mortem. In both instances the clinical 
diagnosis of marked mitral stenosis and slight aortic regurgitation was 
confirmed. In each the deformity of the mitral valve was found to be 
of the “fish mouth” type. Of the more or less special complications 
frequently associated with mitral stenosis in older patients, the following 
have occurred: hemoptysis in 8 patients, pulmonary embolism (ques- 
tionable acute pulmonary edema) in 3, cerebral embolism in 1 and 
auricular fibrillation in 3. It is of interest that subacute bacterial endo- 
carditis has not developed in any patient. 


OTHER CONSIDERATIONS 

In this report we have been concerned entirely with a group of young 
people in whom pure mitral stenosis has developed at an early age. It is 
well known that in many older patients this particular structural 
deformity may appear insidiously and remain clinically silent for years. 
In fact, if the disease is not discovered accidentally, the later occurrence 
of characteristic complications often directs attention for the first time to 
the heart. It is largely the occurrence of these special complications 
which may seriously impair the future health of the person. We refer 
to the ultimate appearance of auricular fibrillation in many patients. 
Less often the occurrence of hemoptysis, pulmonary infarction, acute 
pulmonary edema or peripheral embolism leads to the discovery 
of previously unsuspected mitral stenosis. Furthermore, one is often 





WALSH ET AL—MITRAL STENOSIS 327 


ressed by the prominence of the signs of valvular deformity 
(stenosis) in older patients, which are out of proportion either to the 
eree of cardiac enlargement or to the impairment of cardiac reserve. 
In the light of our present observations on younger patients in whom 
this deformity has developed as a result of mild rheumatic fever, the 
unusually high percentage of older patients with a ‘‘negative” rheumatic 
history is more readily understood. In fact, even in some of the younger 


patients who were under close observation at the time of their active 


disease it has been impossible to identify clearly as rheumatic fever their 
mild illness prior to the appearance of characteristic signs in the heart. 
It is probable that the favorable course of the illness in the majority of 
these patients (both young and old) is to be accounted for by the mild 
rheumatic fever, which in turn favors the continued integrity of the 
myocardium, 
CONCLUSIONS 

From a clinical study of 81 young patients who have acquired the 
physical signs of so-called pure mitral stenosis it has been shown that: 

1. The evolution of the physical signs prior to the establishment of 
this deformity required in the majority from five to fifteen years. 

2. A relatively mild form of rheumatic fever appears to favor the 
development of this particular lesion. 

3. The prolonged course of the disease in most patients with this 
deformity is fundamentally dependent on a benign type of rheu- 
matic fever. 





AN ACOUSTICAL STUDY OF THE STETHOSCOPE 
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Although stethoscopes have been used since the time of Laennec, little 
exact information concerning the efficiency of different types is available, 
and apparently most physicians are influenced in their choice of a 
stethoscope by exterior finish or by features which make the instrument 
easy to use or convenient to carry rather than by its inherent worth 
as an acoustic instrument. Many different end pieces of the chamber 
and bell type are in use, and, although it is unlikely that all of these 
are equally satisfactory, little information is available as to the acoustic 
properties of the different kinds. The same may be said of the different 
arrangements of tubing that are employed. The tubes, usually made 
of rubber, may be long or short and of large or small diameter, and 
they may consist of soft gum rubber or of much stiffer material; but 
again few data concerned with their acoustic performance can be found 
The purpose of this paper is to present the results of tests that have 
been carried out with an acoustic model in an attempt to answer some 
of the questions raised by lack of adequate studies of these problems 

The stethoscope in use is but one part of an acoustic system made 
up of (1) a source producing vibrations within the body which are 
transmitted through tissues, relatively dense as compared with air, to 
the wall of the chest, (2) the stethoscope, which receives the vibrations 
at the surface of the skin and transmits them to the ear, and (3) the 
ear itself, which permits one to hear the vibrations as sounds. ‘This is 
not the place for a detailed discussion of the nature of the acoustic 
combination involved, but it should be emphasized that transmission 
takes place in two different mediums, one dense and the other rare, 
that the transfer of vibratory energy from one such medium to the 
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r may occur with extremely low efficiency and that one function 


he stethoscope is to increase materially the amount of sound energy 


t becomes available for auscultation. A more complete presentation 
these matters will appear in another place. 


METHODS 


It is apparent, from the considerations mentioned, that experiments devised to 
determine how well different stethoscopes transmit sounds should be arranged 
so that the instruments are tested in a system of the same type as that in 
which they function when in actual use. For this reason the setup shown 
in figure 1 A was employed. A special telephone receiver (fig. 1 B) driven by a 
variable frequency oscillator was placed within the heart of a cadaver by means of an 
abdominal-diaphragmatic approach so that vibrations of any desired amplitude and 
pitch were transmitted to the intact thoracic wall over the heart. The vibrations were 
picked up by the end pieces of the stethoscope and conveyed through the columns 
of air of the instrument to a condenser microphone. The output from the micro- 
phone was passed into a suitable vacuum tube amplifier and thence to an output 
meter of the rectifier type. The readings of this meter were proportional to the 
intensity of the sound waves striking the diaphragm of the condenser microphone 
All tests were made with the end pieces of the stethoscope held rigidly against 
the same point on the precordium (fig. 1 C), and great care was taken to be sure 
that each end piece was in air-tight contact with the skin. 

Before any tests on stethoscope units were undertaken, attempts were made to 
standardize the vibrations transmitted to the wall of the chest so that their ampli- 
tude would be constant over the entire range of frequencies to be employed. This 
problem proved to be difficult and was not solved to our complete satisfaction. We 
finally used a crystal vibration pick-up, fixed at the chosen point on the pre- 
cordium, and determined the value of the resistance (FR, fig. 1 4) which would 
give the same response on the output meter at each frequency. The condense 
microphone and its associated amplifier were, of course, not in the circuit while 
these preliminary calibrations were being made. 

The tests on stethoscopes were carried out in two separate studies. In the first 
group, a large number of different end pieces (fig. 1D,E) were used, while the 
rubber tubing was not changed. Tubes (fig. 1 F) 47.4 cm. in length, made of no. 1 
tubing, which had an outside diameter of 11 mm. and an inside diameter of 4 mm. 
arranged as shown in unit 5 of figure 1, were employed for this work. In 
the second group of tests, on the other hand, the same end piece, no. 2, was used 
throughout, and the response of this bell with various lengths of the different tubes 
(fig. 1 F) was determined. 

The method of obtaining the data for each combination was as follows: 
\fter the desired tubing was placed on the metal binaural parts and the end 
piece had been satisfactorily approximated to the thoracic wall, the oscillator was 
set to deliver the lowest frequency that was used. The variable resistance (FR) 
was then set to the value determined by the preliminary calibration previously 
mentioned and finally the reading of the output meter was recorded. The oscillator 
was then reset to the next higher frequency, and the process was repeated. The 
frequency run on a single unit was finished when the responses for eighteen different 
frequencies, from 20 to 800 cycles per second, had been determined. In all instances 
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the accuracy of the measurements was checked by redetermining the reading of 1 
output meter for several different frequencies. The pitch of the sounds employ, 
was known quite exactly, since the oscillator used was a General Radio Company 
type 613-B beat frequency oscillator, and its output was frequently checked on a 


cathode ray oscillograph by comparison with a 60 cycle wave. 
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Fig. 1—A, schematic diagram of setup employed. B, special telephone receiver 
placed inside the heart. C, the condenser microphone and arrangements for holding 
end pieces rigidly to thoracic wall. D and E, different end pieces tested. / 
different kinds of tubing tested. 

RESULTS 

The graphic method is the best and most concise way to present th 
large number of observations made in this study, and the performances 
of different units are plotted as curves in the charts reproduced. In all 


of them the frequency is plotted on the horizontal axis. In the first 
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chart (fig. 24) the readings of the output meter are plotted directly 
as the ordinates, but in the remaining charts the responses of the units 
in question are expressed as the logarithm of the ratio between the 
meter reading for the unit under test and that for a standard or refer- 
ence combination. The actual calculations were made using the equa- 
tion decibels (db.) = 20 log 100 in which p, is the reading of the 


output meter for the unit under test and p, that for the standard unit. 


The logarithmic or decibel scale has several important advantages. 
In the first place, by its use the performances of a large number of 
different end pieces or of different tubings with the same end piece are 
compared with the response of a single standard combination, and by 
this means variations in the response curves due to faulty calibration 
of the vibrations at the surface of the chest are in a large measure 
eliminated. As the standard unit we arbitrarily selected bell no. 1, or 
bell no. 1 with a rubber nipple (unit 2), and no. 1 tubing throughout, 
and in the charts its response is assumed to be O decibels over the entire 
frequency range. If the unit under test is superior to the standard 
the curve lies in the positive decibel region, above the 0 axis, while if 
the unit transmits certain sounds less well than the standard the line 
will be found in the negative decibel portion of the graph, below 
the 0 axis. 

Since the loudness of sounds is proportional to the logarithm of the 
readings of the output meter and not to the readings themselves, the 
curves plotted according to the decibel system may be interpreted 
directly in terms of the sensation produced. It happens that a change of 
1 decibel, plus or minus, represents approximately the minimal change in 
loudness that the human ear can perceive. In this work, however, we 
shall not consider that any unit under test deviates significantly from 
the standard unless its response curve lies 3 decibels or more above 
or below the 0 line. 

Since the charts are self explanatory, it is not necessary to discuss 
in detail the results obtained with all the combinations tested; never- 
theless, several of the most significant findings deserve particular 
emphasis. Charts A, B, D, E and H in figure 2 and F in figure 3 
illustrate the improvement in transmission that results when a soft 
rubber nipple is placed over the end of an end piece’ of the bell type 

1. Several observers (Oden, C. L. A.: Soft Rubber Tip for the Bell Type 
of Stethoscope, J. A. M. A. 77:623 [Aug. 20] 1921. Gordon, B.: J. Lab. & Clin. 
Med. 14:1111 [Aug.] 1929. King, G. C.: Simple Stethoscope Tip, J. A. M. A. 
97:24 [July 4] 1931. Harrop, L. L.: California & West. Med. 43:363 [Nov.] 
1935) have suggested the use of a rubber nipple over the end piece to make the 
unit warmer and thus more agreeable for the patient, and also to reduce inter- 
ference due to adventitious sounds, but, as far as we know, the nipple has not 
been used to improve the acoustic performance of the end piece. 
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Fig. 2—The results of tests with various end pieces of the bell type. 
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(unit 2, fig. 1D). It will be observed that except at the higher fre- 
quencies the use of the nipple results in a significant gain in the response 
of the unit. The explanation for this finding is not clear, but a cal- 
culation shows that the slightly increased area of contact with the 
wall of the chest occasioned by the addition of the nipple is not sufficient 
to explain it; moreover, it is not due to the presence of a more perfect 
contact with the chest, for a test with bell no. 1 after it had been 
securely fastened to the wall of the chest with rubber cement, as shown 
by the solid line in figure AC; yielded results practically identical with 
those obtained before the cement was applied. 

The relative performance of several commonly used end bells 1s 
shown in charts C, D and £F in figure 2. The solid line in the chart 
last mentioned shows that bell no. 5, which has a large conical air 
chamber, compares favorably with bell no. 1, which has a shallow 
chamber, up through a frequency of 100 cycles per second, but that 
for sounds of higher pitch its response falls off somewhat. Bell no. 3 
is identical with bell no. 1 except that its lower part is made of soft 
rubber, and it is seen to respond much like the standard bell (line of 
dashes, fig. 2C) except for a distinct decrease in transmission for the 
highest frequencies. Bell no. 4 is similar to bell no. 1 except that in 
the former the small hole does not extend up as far into the metal 
frame as it does in the latter, and its behavior is similar to that of the 
standard unit except for a drop in transmission for frequencies between 
150 and 500 cycles per second. 

Figure 3 C gives the response curves for the large Bowles end 
piece with the regular stiff diaphragm (solid line), with a piece of 
roentgen ray film as a diaphragm (line of dashes) and, finally, without 
a diaphragm (dotted line). The stiff diaphragm obviously acts as a 
filter, causing considerable attenuation of the low-pitched sounds, whil 
the higher frequencies, 150 cycles and above, pass easily. The flexible 
diaphragm does not have this property, for the curve obtained when 
the roentgen ray film was used and that obtained when no membrane 


at all was employed follow each other closely. The curves in figure 3 D 


show that a soft rubber sheath placed over the aperture of a large 
Bowles unit materially improves its transmission, and this is true 
whether a diaphragm is used or not. This result is rather surprising, 
and we are not able to give an adequate explanation. 

Charts F and G in figure 3 show data on the performance of the 
Becton-Dickinson stethoscope units. The bells employed were similar 
in design to units 4 and 5, but the Bowles end pieces differed somewhat 
from the conventional pattern, and the connection with the end piece 
was made by a single rubber tube, with the division into two tubes 
occurring close to the metal binaural (unit 20, fig. 1 £). The standard 
unit with which the Becton-Dickinson units were compared was bell 
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Fig. 3—The results of tests on different end pieces, including unusual units 
of the bell type, conventional Bowles end pieces and Becton-Dickinson combinations. 
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1 with no. 1 tubing of the same over-all length as that used in 
e Becton-Dickinson stethoscope. Chart F (fig. 3) shows that the 
sponse for the shallow bell (curve 1) is slightly better than that 
for the standard, that the use of a rubber nipple (curve 2) further 
miproves its performance and that the wide-mouthed bell with a large 
conical chamber, like that of unit 5, displays a significant drop in 
transmission at high frequencies. Chart G shows that the Becton- 
Dickinson units with shallow chambers do not perform like the usual 
Bowles end piece with a stiff diaphragm. They apparently do not attenu- 
ate the sounds of low frequency but show a fairly uniform response 
except that the sounds of high pitch are poorly transmitted. 

The performances of different kinds of rubber tubing and different 
lengths of tubing are shown in the charts of figure 4. The same end 
piece (bell no. 1, with nipple, unit 2) was used throughout this work, 
and 40 cm. lengths of no. 1 tubing were used as the standard. The 
four curves in figure 4 4 give the relative responses of lengths of no. 1 
tubing varying from 70 to 15 cm. It will be seen that the behaviors 
of all these tubes are roughly similar up to a frequency of 100 cycles 


per second. At about this frequency more marked differences in 


response, due to resonance phenomena in the tubes, appear. For 
example, the long 70 cm. tubes have their first resonance peak at a 
frequency of approximately 100 cycles, with secondary peaks at higher 
frequencies, while the 15 cm. tubes show resonance first at about 200 
cycles. The resonance phenomena are more clearly shown when the 
readings of the output meter are plotted directly, and in such graphs 
(not shown here) the first resonance peaks for tubes 30, 40 and 50 
cm. long lie between the maximum for the 15 and that for the 70 cm. 
tubes, and secondary peaks are seen in their proper positions at higher 
frequencies. 

When the tests on tubing were undertaken, we expected to find that, 
except for resonance peaks, the transmission through long tubes would 
be considerably poorer than that through short ones because of loss 
in energy due to absorption in the rubber walls of the tubes. It is 
apparent that this is not the case and that there is no decrease in 
response until the highest frequencies are reached. 

In figure 4B the performance of no. 2 tubing 20, 40 and 60 cm. 
in length is compared with that of no. 1 tubing 40 cm. in length. No. 
2 tubing was made of medium firm black rubber, with an outside 
diameter of 13 mm. and an inside diameter of 7.5 mm. It will be seen 
that the response curve for tubes 40 cm. long indicates that transmission 
through them is not quite as good as when the column of air is smaller. 
The curves for other lengths are similar, except for peaks due to 


resonance at different frequencies. 
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Tubings no. 3 and no. 4 were made of soft gum rubber; the forme: 
had an outside diameter of 10 mm. and an inside diameter of 6.5 mm.. 
and the latter had an outside diameter of 8 mm. and an inside diameter 
of 4.5 mm. Figure 4C shows again that with larger columns of ai 
transmission is somewhat poorer than with the standard unit. Except 
for fluctuations due to resonance similar results were obtained wit! 
tubing 20 and 60 cm. in length. No. 4 tubing had an inside diametet 
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Fig. 4—The results of tests on different lengths and types of tubing. 
yI 


only slightly greater than that of no. 1 tubing, and in figure 4D 
the curve for the 40 cm. length is seen to follow the O axis closely. 
It is apparent that the physical characteristics of the rubber are a 
negligible factor in determining the response of a stethoscope. This 
point is further emphasized in the response curves for 40 cm. lengths 
of no. 5 and no. 6 tubing seen in figure 4. Both of the tubes had an 
outside diameter of 11 mm. and an inside diameter of 7 mm. and were 
made of stiff red rubber. No. 5 tubing was cut from new stock, while 
no. 6 tubing had been in the laboratory for a long time and was harder 
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and more rigid than the no. 5 tubing. The size of the air column in 
these tubings was intermediate between that of no. 2 and no. 3 tubing, 
and the response curves are seen to agree with those for the 40 cm. 
tubes in figure 4B and C. The curve made up of short dashes in 
figure 4£ was obtained, after all the different kinds of tubing had 
been tested, by repeating the frequency run on 40 cm. lengths of no. 1 
tubing. The small deviation from the 0 decibel line indicates that the 
bell on the wall of the chest remained in constant position throughout 
all the tests of this group. 
COMMENT 

A few important general statements regarding stethoscopes can 
be made from the results just presented. The response of any unit 
will depend both on the type of end piece and on the character and 
arrangements of the tubes employed, but the present studies indicate 
that satisfactory transmission is much more dependent on the choice of 
the end piece than on the nature of the tubes. A similar conclusion is 
supported by theoretic considerations, for whenever transmission of 
sound from a dense to a rare medium takes place a serious loss of 
vibratory energy occurs, which is due to reflection of sound waves back 
into the dense medium. It can be shown that a properly designed 
end piece may increase manyfold the power transmission across the 
boundary between a solid or a liquid medium in which vibrations have 
originated and the air. Stewart and Lindsay * discussed the principle 
of the stethoscope in detail and showed that the transmission of sound 
energy from water to air can be greatly increased by the use of a 
simple end piece, consisting of a large shallow chamber connected with 
a listening tube of much smaller diameter. 

It is evident that an end piece with a large aperture exposed to the 
vibrating chest should display better characteristics for transmission 
of sound than a similar unit with a small opening. The favorable 
response of bell no. 9 (fig. 2G) and the poor showing of the small 
bell of unit 13 (fig. 3B) are probably due largely to the difference in 
the effective area for receiving sound waves. Bells having nearly the 
same effective aperture may differ considerably in their response, how- 
ever. Thus, the bell of type 1, with a shallow chamber, is superior to 
bells of types 5, 6 and 10, which differ from the standard unit not only 
because they lack the shallow air chamber but also because the column 
of air enclosed in the bell is large. In this connection it is of interest 


to note that several years ago Barss, Eade and Fitzgerald,* in one 


2. Stewart, G. W., and Lindsay, R. B.: Acoustics, New York, D. Van 
Nostrand Company, Inc., 1930. 

3. Barss, W. R.; Eade, W. F., and Fitzgerald, E. B.: Boston M. & S. J. 195: 
116 (July 15) 1926. 





338 ARCHIVES OF INTERNAL MEDICINE 


of the few scientific studies of transmission of sound through steth 
scopes to be found in the American literature, concluded that of a 
number of end pieces of the bell type with apertures of the same si 
the units with small air chambers were best. Their work was don 
before many of the instruments now considered as essential in an 
acoustics laboratory were available, but although the units tested wer 
suspended in air and were not in contact with a solid vibrating medium, 
the results are of interest. 

These considerations lead us to believe that the most satisfactory 
type of bell is one with as large an aperture as is practicable, say 3 cm. 
in diameter, and a shallow air chamber. From a theoretic standpoint 
the chamber should be as shallow as possible, but for use on the wall 
of the chest a depth of not less than 3 to 5 mm. is probably necessary. 
The column of air leading from the terminal chamber should not be 
more than 3 mm. in diameter, and the small column should pass as far 
as possible up into the metal framework of the end piece and terminate, 
without abrupt change in cross section, in two columns of similar size 
with which the air channels of the rubber tubes are continuous. We 
have shown that tubes with small air passages conduct sounds of all 
frequencies tested somewhat better than tubes of larger cross section 
For the ideal end piece tubes with small diameters should therefore he 
used. 

It is fitting here to call attention to some of the acoustic studies on 
stethoscopes that have been carried out in Europe. Of these, the 
investigations of Landes,* Martini® and Tobler® are of particular 
interest. These authors, however, were chiefly concerned with mon 
aural units, and few data relating to binaural stethoscopes, particularly 
to the performance of different kinds of end pieces, are to be found 
Landes stated the belief that rubber tubing was unsuitable for use with 
stethoscopes because of the large amount of sound energy absorbed by 
the rubber itself. He suggested that tubes made of metal would be mor 
desirable in this respect. Recently Macfarlan* published a short article 
on the acoustics of the stethoscope. He did not describe the units that 
he tested or tell how the results were obtained. His conclusion that 
“the unaided ear operates at greater efficiency than the ear aided by 


any type of stethoscope” is not so surprising if it is remembered that 


the ear really functions as a stethoscope when it is applied directly to 
the chest. 


. Landes, G.: Deutsches Arch. f. klin. Med. 171:607 (Oct.) 1931. 

. Martini, P.: Ztschr. f. Biol. 71:3, 1920. 

. Tobler, P. D.: Schweiz. med. Wchnschr. 60:933 (Oct. 4) 1930. 

7. Macfarlan, D.: Acoustics of the Stethoscope, J. A. M. A. 110:2068 (Jun 
18) 1938. 
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\ final word must be said concerning the relation of this study to 
clinical medicine. We believe that the data we have presented indicate 
that some stethoscopes are better acoustic instruments in that they trans- 
mit more sound energy to the ear. We do not advise all physicians to 
discard the stethoscope to which they are accustomed for one that may 
be acoustically superior because, except for sounds that are so faint 
as to be nearly inaudible, the loudness of sounds through the instru- 
ment is of no importance. In general, however, it is important to have 
an intimate acquaintance with the kind of sound that one is listening 


for and to be able to differentiate and interpret properly what is heard. 


In diagnosis of cardiac disease training and experience are more essen- 
tial than a perfect stethoscope. 


SUMMARY AND CONCLUSIONS 


A method is described for testing stethoscopes in an acoustic sys- 
tem similar to the one that is present during auscultation in the clinic. 

The results with this method indicate that : 

1. The bell with a shallow chamber is superior to other end pieces 
of the bell type. 

2. A rubber nipple place over the terminal portion of a bell improves 
its performance. 

3. The diaphragm of a Bowles end piece acts as a filter to suppress 
the transmission of low-pitched sounds, but the diaphragm must be 
stiff to be effective in this respect. 

4, Althought rubber tubings of different lengths, diameters and 
degrees of stiffness modify transmission, largely because of resonance 
phenomena, the differences are relatively small, and the response of a 
stethoscope depends more on the choice of the end piece than on the 
nature of the tubes that are used. 

Dr. R. E. McCotter and members of his staff aided in obtaining the anatomic 


material used in this study, and Prof. L. N. Holland loaned the condenser micro 
phone. Dr. Frank N. Wilson helped in the preparation of the paper 





ATYPICAL FACIAL NEURALGIA 


DIAGNOSIS, CAUSE AND TREATMENT 


MARK ALBERT GLASER, M.D. 


LOS ANGELES 


From 1908 to 1916 Sluder* wrote a series of articles in which li 
described a neuralgic pain based on involvement of the sphenopalatirn 
ganglion and the sphenoid sinus. It was true that some patients with 
this peculiar pain were relieved by therapy directed toward the spheno 
palatine ganglion and sphenoid sinus, but there was a group of other 
patients who were thought to have sphenopalatine neuralgia but whose 
pain Sluder himself was unable to relieve by this therapy. Pains of 
this variety were described by Oppenheim,’ Cushing,’ Harris* and 
Davis.> In 1924, for the first time, Frazier and Russell ® segregated a 
group of patients from those with characteristic trigeminal neuralgia 
and suggested that because of the peculiar nature of their pains, and 
for want of a better term, their disease be called “atypical neuralgia.” 
In 1928 I” segregated 143 patients with atypical neuralgia from those 
with typical trigeminal neuralgia and described the complete syndrome 
for the first time. In 1938 Beerman and | * again described this syn 
drome, reporting 200 cases in detail. 

From a clinical standpoint this atypical neuralgia has many things 
in common with true migraine, but, in addition, it has some points in 
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mon with neuralgias of the cranial nerves, particularly with tri- 
veminal neuralgia. In some instances it so closely simulates trigeminal 
neuralgia that an injection of alcohol is necessary to differentiate one 
from the other. In the earler work of Frazier and Russell and of 
Cushing a number of patients with what seemed to be trigeminal 
neuralgia were subjected to major operation on the trigeminal tract, 
and it was only because of the continuation of pain in spite of anesthesia 
that it was realized that these patients had some other type of 
neuralgia. In fact, one may definitely state that there exists a type 
of neuralgia transitional between migraine and trigeminal neuralgia. 
Because this transitional neuralgia, which | have classified as “atypical 
neuralgia,’ may closely simulate both types, and, further, because many 
of the group with atypical neuralgia have an associated neurosis, con- 
siderable confusion in the nomenclature has existed, with the result that 
the same clinical syndrome has been given different names by various 
authors. These names have included psychalgia, facial neuralgia, 
sympathetic algia, pseudotrigeminal neuralgia, ciliary neuralgia, 
migrainous neuralgia, atypical migraine, allergic migraine, sympathetic 
neuralgia, neuralgic headache, senile neuralgia, cephalalgia, facial 
causalgia, cephalalgia of the jaw, sympathetic hemicrania, autonomic 
faciocephalic neuralgia, sphenopalatine neuralgia, vidian neuralgia and 
psychogenic neuralgia. 

In the past ten years some progress has been made in determining 
the sensory supply of the face, as well as in classifying the various 
clinical entities which could produce the pain of atypical neuralgia.® 
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Though both these problems still remain perplexing, and though co: 


siderable confusion exists, an attempt will be made in this contribution 
to classify the various pain syndromes producing atypical neuralgia, as 
well as to consider the various phases of present methods of therapy. 
This pain need no longer be looked on as incurable. However. one 
must still be ultraconservative in carrying out therapeutic measures, as 
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E., in discussion on Wilson.2" (p) Turner, C. C., in discussion on Wilson.9n 
(q) Braeucker, W.: Die Fortschritte und die Zukunft der Sympathicuschirurgie, 
Nervenarzt 6:449, 1933; Ueber typische und atypische Formen von Gesichtsneu- 
ralgien, Zentralbl. f. Chir. 60:2454, 1933. (r) Marks, S. B.: Sympathetic Nervous 
System as a Causative Factor in Atypical Neuralgia, Kentucky M. J. 32:393 
(Aug.) 1934. (s) Bryan, A. W.: Neuralgias of the Head and Neck, Wisconsin 
M. J. 34:320 (May) 1935. (t) Hyslop, G. H.: Face Pain, New York State J. 
Med. 36:91 (Jan. 15) 1936. (wu) Brickner, R. M., and Riley, H. A.: Autonomic 
Facio-Cephalalgia, Bull. Neurol. Inst. New York 4:422 (Dec.) 1935. (v) Mer- 
warth, H. R., and Freimann, I.: Practical Neurologic Therapy, M. Times & 
Long Island M. J. 64:2 (Jan.) 1936. (w) Cobb, S., and Mixter, J.: Lingual 
Spasm, Ann. Surg. 101:49 (Jan.) 1935. (+) Weisenburg, T. H.: Cerebellopontile 
Tumor Diagnosed for Six Years as Tic Douloureux: The Symptoms of Irrita- 
tion of the Ninth and Twelfth Cranial Nerves, J. A. M. A. 54:1600 (May 14) 
1910. (y) Harris, W.: Neuritis and Neuralgia, London, Oxford University Press, 
1926. (zs) Doyle, J. B.: A Study of Four Cases of Glossopharyngeal Neuralgia, 
Arch. Neurol. & Psychiat. 9:34 (Jan.) 1923. (a’) Sicard, R., and Robineau: 
Algie vélo-pharyngée essentielle: Traitement, chirurgical, Rev. neurol. 27:256, 
1920. (b')Reichert, F. L.: Glossopharyngeal Neuralgia, West. J. Surg. 39:347 
(May) 1931. (c’) Adson, A. W.: The Surgical Treatment of Glossopharyngeal 
Neuralgia, Arch. Neurol. & Psychiat. 12:497 (Nov.) 1924. (d’) Dandy, W. E. 
Glossopharyngeal Neuralgia (Tic Douloureux): Its Diagnosis and Treatment, 
Arch. Surg. 15:198 (Aug.) 1927. (e’) Stookey, B.: Glossopharyngeal Neuralgia 
Surgical Treatment, with Remarks on the Distribution of the Glossopharyngea! 
Nerve, Arch. Neurol. & Psychiat. 20:702 (Oct.) 1928. (f’) Fay, T.: Intracranial 
Division of Glossopharyngeal Nerve Combined with Cervical Rhizotomy for Pain 
in Inoperable Carcinoma of the Throat, Ann. Surg. 84:456, 1926. (g') Avellis, 
G.: Typische Form von Kehlkopfneuralgie, Miimchen. med. Wehnschr. 47:1592 
(Nov. 13) 1900. (h’) Hutter, F.: Ueber Neuralgien des Nervus laryngeus 
superior, Monatschr. f. Ohrenh. 63:402 (April) 1929. (%’) Bailey, P.: Neuralgias 
of Cranial Nerves, S. Clin. North America 11:61 (Feb.) 1931. (j’) Echols, 
D. H., and Maxwell, J. H.: Superior Laryngeal Neuralgia Relieved by Operation, 
J. A. M. A. 108:2027 (Dec. 29) 1934. (k') Hunt, J. R.: Otalgia Considered 
as an Affection of the Sensory System of the Seventh Cranial Nerve, Arch. Otol. 
$6:543, 1907. (/') Clark, L. P., and Taylor, A. S.: True Tic Douloureux of 
the Sensory Filaments of the Facial Nerve: Cure Effected by Physiologic Extirpa- 
tion of Geniculate Ganglion, J. A. M. A. 53:2144 (Dec. 25) 1909. (m’) Reichert, 
F.L.: Tympanic Plexus Neuralgia: True Tic Douloureux of the Ear or So-Called 
Geniculate Ganglion Neuralgia; Cure Effected by Intracranial Section of the 
Glossopharyngeal Nerve, ibid. 100:1744 (June 3) 1933. (n’) Hall, G. W.: 
Auricular Neuralgia, Arch. Neurol. & Psychiat. 29:615 (March) 1933. 





GLASER—ATYPICAL FACIAL NEURALGIA 343 


previously been emphasized. The physician should refrain from any 

vical measures unless he is absolutely certain of the diagnosis. It 
must still be remembered that incorrectly chosen procedures, such as 
operations on the trigeminal tract, surgical removal of the sphenopalatine 
eanglion, extraction of teeth, operations on the nose and the nasal sinuses, 
sympathectomies, mastoidectomy and abdominal operations, carried out 
indiscriminately in poorly chosen cases will do far more harm than good 
and leave the patient in a much worse condition than before the opera- 
tion. I cannot too urgently advise caution in arriving at a decision for 
operative measures. 

These atypical facial neuralgias may be classified under four main 
types. Type 1 is the primary atypical neuralgia, for which at present 
no cause can be ascertained and for which the treatment must be directed 
toward the blockage of sensory pathways. The diagnosis is reached only 
by a process of elimination. Without doubt, in the future this type can 
be removed from many neuralgias of definite, known cause. In neu- 
ralgia of type 2, a series of clinical entities gives rise to pain of an atypical 
nature. Treatment naturally must be directed toward the disturbances. 
However, the blockage of nerves is necessary for the relief of pain. In 
neuralgia of type 3, generalized systemic diseases are responsible for the 
pain. In type 4+ an associated pathologic condition of the head, the neck 
or the abdomen exists, and the neuralgia disappears in most cases with 
elimination of the abnormality. In all of these types, if the neuralgia does 
not disappear, specific medical or surgical treatment directed toward the 
sympathetic system should be employed. It is well to mention here that 
though this classification and the therapeutic suggestions might indicate 
that the entire problem of atypical neuralgia has been solved, the physi- 
cian will still be confronted with a group of unfortunate patients whom 
he cannot relieve of pain. Thus the problem remains one for further 
research, with the hope that eventually all these patients can be assured 
of complete relief from this annoying, painful condition. 


CLASSIFICATION OF ATYPICAL FACIAL NEURALGIA 
I. Primary atypical facial neuralgia 
II. Secondary atypical neuralgia due to various clinical entities 

. Sphenopalatine and vidian neuralgia 

. Postherpetic trigeminal neuralgia 

. “Trigeminal ghosts” 


1 
2 
3 
4. “Trigeminal ghosts” with lingual spasm 
5 


. Syndrome due to abnormalities of the mandibular joint 
». Autonomic faciocephalalgia 
Painful convulsive tic 
. Headache due to hypertonicity of muscles of the neck 
. Senile neuralgia 
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III. Atypical facial neuralgia produced by systemic diseases 
1. Allergy 


. Endocrine disturbance 


2. 
i 
3 


. Psychoneurosis 
IV. Atypical facial neuralgia due to lesions of the head, chest and abdomen 
1. Infections about the head 
(a) Mastoiditis 
(b) Thrombosis of the cavernous and longitudinal sinuses 
(c) Deep-seated facial abscess, 
. Tumors of the head and neck 
. Intracranial lesions 
. Dental sepsis 
. Deviations and spurs of the nasal septum 
». Ocular lesions 
. Lesions of the chest 
. Pathologic conditions in the abdomen and pelvis 


PRIMARY ATYPICAL FACIAL NEURALGIA 
The clinical picture of primary atypical neuralgia has previously been 
discussed in detail. It differs distinctly from that of acute neuralgias 
secondary to involvement of the trigeminal, facial, glossopharyngeal, 
vagus and cervical nerves. The primary type of atypical neuralgia has 
had one distinct point of differentiation from the secondary types. <All 
the cases of primary atypical neuralgia which have come under my obser- 
vation and in which there was great difficulty in the relief of pain were 
cases in which the pain had been present for a year or more. This pain 
is never superficial, is always deep seated and is aching, burning o1 
throbbing. The patients find great difficulty in describing the sensation 
accurately. From their accounts of the pain, I have assembled a list oi 
some seventy descriptive terms, such as dull, aching, throbbing, burn 
ing, shooting, sharp, drawing, needle-like, boring, pulling, gnawing, 
bursting, tearing, tingling, smarting, nagging, knifelike, beating, sting- 
ing, pricking, itching, gripping, lightning-like, twitching, severe, jumpy, 
crawling, unbearable, wearing, pounding, surging, crushing, vibrating, 
excruciating and grabbing. The pain has been described as a sense of 
pressure, as toothache or soreness and as an electric shock, a_ hot 
iron, bugs creeping, tearing celery, a thousand fishhooks pulling and 
tugging on the face, birds flying under the skin, the pounding of a ham- 
mer on the face, a hot poker back of the eye, the cutting away of pieces 
of bone or muscle beneath the skin, a bruise ; a saw cutting the face, some- 
thing in the jaw, a mass of fire, pins and needles, stiffness, the feeling 
of menthol, the buzzing of a mosquito, tongs on top of the head, a full 
feeling, a hard knot deep in the eye, the bursting of an eyeball, the pushing 
of the eye through the head, drawing out the eye or a ball of fire or 
electricity in the eye. 
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In about one half of this series of 245 cases the onset of pain could 
not be attributed to any cause, though numerous coincidental events were 
thought by the patients to be responsible for their difficulties. Thirty- 
eight patients felt that pain followed the extraction of teeth, 16 remem- 
bered that the onset of pain was shortly after an accident, whereas 13 
believed the pain followed surgical treatment and 6 named numerous 


minor conditions as the cause of the complaint. It is apparent from this 


study that no particular factor could be held responsible for the onset of 


this pain and that the events named were coincidental, except possibly 
the extraction of teeth. Tic douloureux affected the two sexes equally, 
whereas atypical neuralgia affected chiefly females. Bilateral pain 
occurred in only 2 per cent of the cases of tic douloureux, while it was 
found in 33 per cent of the cases of atypical neuralgia 

The distribution of the pain in trigeminal neuralgia was always in 
the areas supplied by the trigeminal nerve, whereas in atypical neuralgia 
a circular area within the distribution of the vascular supply of the face 
and head was affected. The pain was felt in the chin, along the nose, 
around the eye, over the brow, to the vertex or to the temporal region, 
in front of, in or through the ear and thence down into the suboccipital 
region. Occasionally it entered the shoulder, rarely the body. This wide 
area of distribution might occur in a single case or there might be indi 
vidual areas or various combinations of areas (fig. 1). 

The pain of trigeminal neuralgia is brought on by the slightest local 
contact, and trigger zones occur over the facial foramens. In the cases 
of atypical neuralgia there was occasional tenderness over the cer- 
vical sympathetic ganglion or over the carotid artery. The pain of 
atypical neuralgia was aggravated by such local factors as cold, draft, 
heat, eating, light, contact, brushing the teeth, vibration, reading, wind, 
blowing the nose, sneezing, swallowing and shaving, and by such general 
factors as fatigue, excitement, menstruation, worry, talking, winter con- 
ditions, exertion, lying down, stooping, noise, dampness, motion, cough, 
argument, washing the face and constipation. It might be worse in the 
morning or at night. 

Sympathetic phenomena were present in about 50 per cent of the 
cases of atypical neuralgia and were never present in trigeminal neuralgia. 
These sympathetic phenomena consisted of ocular disturbance, such as 
lacrimation, edema, corneal injection, inequality of the pupils, blurred 
vision, photophobia and enophthalmos. In addition, the following symp- 
toms, some of which are common in migraine, were sometimes present : 
nausea, vomiting, flushing of the face, nasal discharge, perspiration, sali- 
vation, puffiness of face, feeling of warmth, ringing in the ears, soreness 


over the temporal artery, chills and aural discharge. 
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Outstandingly different from trigeminal neuralgia is the continuous 
nature of this deep-seated, aggravating pain without periods of relief. .\s 


has been previously mentioned, trigeminal neuralgia manifests itself by 


momentary attacks of excessively severe pain. The patient with atypical 
neuralgia has a continuous pain of more annoying, aggravating nature, 
disturbing by its persistence and chronicity rather than by its severity. 
Superimposed on this chronic pain in the majority of cases were attacks 
of greater or lesser severity, which came on either acutely or insidiously, 
If an attack of pain had an insidious onset, it gradually increased in 
intensity over a period of from several hours to several days. Then the 


Fig. 1—Maximum distribution of pain in atypical neuralgia. The dashes 
represent the sensory distribution of the trigeminal nerve; the dots represent the 
distribution of pain in atypical neuralgia. Note how the pain zone of atypical 
neuralgia crosses beyond the bounds of the trigeminal sensory supply. 


pain would be at its height for several hours to several days. During this 
period of most severe pain associated sympathetic phenomena were 
present in some cases, and the patient was necessarily confined to bed. 
The pain might then either suddenly subside or gradually disappear. 
These attacks might occur at intervals of several days or even of months, 
but during the interim the patient was never free from pain. This phase 
of the disease picture demonstrates the close relation of atypical neuralgia 
to migraine, and an even closer relation to migraine is shown by the fact 
that a small number of patients has such attacks frequently with only 
a minor persistent ache, or even at times with no ache, in the intervals. 
Another small group of these patients has a type of neuralgia more 
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closely allied to the trigeminal form in that their attacks may last for a 
half-hour to several hours and occur rather frequently in the day during 
a period of susceptibility. On close questioning it is found that the char- 
acter of the pain differs from that of true trigeminal neuralgia. At times, 
however, one cannot differentiate the picture of atypical neuralgia from 
that of clinical trigeminal neuralgia, and an injection of alcohol is used 
as a therapeutic test. Addiction to narcotics is common among patients 
with atypical neuralgia, but not among those with trigeminal neuralgia. 

Most of the patients with primary atypical neuralgia have an asso- 
ciated neurosis, a fact which has led many to believe that the entire group 
is psychoneurotic. However, one may readily see how a psychoneurosis 
might develop secondary to this persistent, annoying, irritating pain 
from which no relief can be secured. It seems closer to the truth to 
take this view than to consider the whole picture that of a nervous 
patient. It is true of course that some of these patients are definitely 
psychoneurotic, but their condition will be considered in detail under 


the secondary types of atypical neuralgia. 


SECONDARY ATYPICAL FACIAL NEURALGIA 

In this series of 245 patients with atypical neuralgia, 143 belong to 
the group reported on in Philadelphia.* None of these 143 patients could 
be relieved of the pain. Of the first 50 patients of the second group 
observed, only about 10 per cent were relieved. Of the next 25 patients, 
approximately 65 per cent were found to have secondary conditions and 
about 50 per cent were relieved of symptoms. In 85 per cent of the last 
27 patients the cause of the pain was determined, and in 75 per cent the 
symptoms were relieved. It is of interest that most of the patients with 
secondary atypical neuralgia had had their pain for only a short time, 
from several days to three months, in contradistinction to those with the 
primary type, who had had the pain for a year or more before they came 
under my observation. From a clinical standpoint, the best curative 
results were obtained with those patients whose pain was of short 
duration. 

Sphenopalatine Neuralgia—As a result of anatomic studies, Sluder 
pointed out in 1909 the close relationship between the sphenopalatine 
ganglion in the sphenomaxillary fossa and the nose or the accessory 
sinuses. The ganglion was sometimes situated within 1 or 2 mm. of 
the nasal mucosa, and at times it was as deep as 7 to9 mm. The bony 


wall separating the fossa from the ganglion is very thin. It is a well 


known fact that inflammatory processes of the sphenoidal, the post- 


ethmoid and the maxillary sinus may extend to the optic nerve. There- 
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iore, Sluder assumed that such inflammations could extend to Meckel’s 
ganglion, producing pain rather than the blindness secondary to involve- 
ment of the optic nerve. 

After an observation of 47 cases, Sluder gave the following descrip- 
tion of the syndrome: 

Pain, which begins at the root of the nose, extends downward over the maxilla 
and backward in the mastoid to become severest about 5 cm. posteriorly to its tip 
thence extending backward to take in the entire occiput, and downward into the 
neck, shoulder blade, shoulder, and sometimes into the axilla. With the severest 
attacks it extends down into the arm, forearm, hand and even to the fingers 
According to my observations, this pain very rarely invades the upper part of the 
head. When very severe it may extend a little way into the brow, or somewhat 
above the line of the zygoma. I have seen this picture complicated by or associated 
with other headaches; but the distinctive “neuralgic phenomena,” as outlined 
above and which have proved uniformly amenable to treatment (cocainization of 


the nose) have not extended to the upper part of the head 


From this distribution which he described, Sluder derived his term 
“lower headaches.” 

In addition to the symptom of pain, Sluder described sensory signs 
which consisted of slight anesthesia of the soft palate, the pharynx, as 
far down as the lower part of the tonsil, and the lower anterior part of 
the nose. He also found such motor signs as a deflected uvula and a 
high palatine arch on the affected side. 

In the movement of the soft palate in closing off the nose from the throat, 
the median raphe was deflected from the affected side, and the dimple which 
formed just above the uvula during this act was displaced to the well 
Normally it is in the median line. 

Gustatory changes were almost always diminished or delayed on the 
affected side. 

A sympathetic syndrome consisting of vasomotor and secretory dis 
turbances might exist with or without the headache. These disturbances 
consisted of a slight coryza, which developed suddenly with an explosiv: 
effect and was associated with protracted sneezing and with nasal con- 
gestion, accompanied by thin, hot secretions so profuse as to cause the 


patient to resort to a towel. The eyes became reddened and bathed in 


tears, and sometimes itched or burned, and the pupils were sometimes 
dilated. 

Vidian Neuralgia.—Inflammation of the sphenoid sinus may present 
a picture identical with that of neuralgia which starts in the spheno- 
palatine ganglion, and suggests the anatomic explanation that the 
nerve trunks going to the ganglion (the vidian and the branch from 
the second division of the fifth nerve) may, by reason of their proximity 


10. Sluder, G.: Relation of Sphenopalatine Ganglion to Nose, Tr. Am. Laryng. 
A., 1909, p. 329. 
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to the sphenoid sinus, become readily inflamed in sphenoiditis. ‘The dif- 
ferential diagnosis can be made from the fact that cocainization of the 


to stop it when it originates in the sphenoid sinus because the ganglion 


anglion controls the pain when it originates in the ganglion but fails 
is peripheral to the point of origin. Cocaine applied within the sphenoid 
sinus, however, does not always stop the pain originating there. 


Sluder stated that by electrical stimulation of the vidian nerve in the 


sphenomaxillary fossa he was able to produce experimentally pain in the 


ear, mastoid, occiput, neck, shoulder blade, shoulder, arm, forearm and 
hand, and he used the term “‘vidian neuralgia” to describe such a distribu- 
tion of pain. He also stated that the pain in the teeth, the eve and the 
temple in neuralgia of Meckel’s ganglion is referable to the anterior, or 
maxillary, component. He reported several cases of vidian neuralgia 
and described tic of the vidian nerve as “sharp, recurrent, stabbing 
attacks of pain in the lower half of the head, in the neck and shoulder, 
at intervals of not more than a few hours apart.” 

Schaeffer,’ Sluder,’ Onodi,’* Griinwald, and = many 
described the intimate relations between the sphenoid sinus 
vidian nerve running in the vidian canal. This intimate relation is du 
chiefly to pneumatization of the pterygoid process and even of 
pterygoid plates. Many anatomic preparations show the vidian canal 
running as a prominent ridge through the floor of the sphenoid sinus 
with recesses or prolongations of the sinus median and lateral to the 
canal. Dehiscences in the bony wall of the canal may place the mucosa 
of the sinus in direct contact with the nerve sheath. The large type 
4 sphenoid sinus with recesses and prolongations is more subject to 
what Canuyt, Ramadier and Velter** have termed latent sinusitis. 
These authors stated that sphenoid sinusitis is a serious condition with- 
out much tendency to spontaneous healing, particularly when there are 
prolongations extending deep into the pterygoid plates or into the wings 
of the sphenoid bone. 

The two chief factors in the production of vidian neuralgia are (1) 


) t] 
U! 


infection of the mucosa of a large sphenoid sinus and (2) a thin bony 
11. Schaeffer, J. P.: The Nose, Paranasal Sinuses, Nasolacrimal Passageways 
and Olfactory Organ in Man, Philadelphia, P. Blakiston’s Son & Co., 1920. 


12. Onodi, L.: Die Beziehungen des Canalis Vidianus, des Nervus petrosus 


11 


superficialis major und des Nervus petrosus profundus zur _ Keilbeinhohle, 
Monatschr. f. Ohrenh. 53:377, 1919. 

13. Griinwald, L.: Descriptiv und topographische Anatomie der Nasen und 
ihrer Nebenhohlen, in Denker, A., and Kahler, O.: Handbuch der Hals-Nasen- 
Ohrenheilkunde, Berlin, Julius Springer, 1925, vol. 1, pp. 1-95. 

14. Canuyt, G.; Ramadier, J., and Velter: Les sinusites postérieures et leurs 
complications oculaires, Ann. d. mal. de loreille, du larynx 44:39 (Jan.); 140 


(Feb.) 1925. 
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wall of the vidian canal, with or without dehiscences. Vail '” expressed 
the opinion, based on further anatomic study, that sphenopalatine an 
vidian neuralgias are really the same syndrome, that the vidian nerve 
rather than the sphenopalatine ganglion should be considered as the 
etiologic basis and that the neuralgia is really due to irritation or inflam- 
mation of the vidian nerve in the vidian canal and is always secondary 
to latent or frank infection in the sphenoid sinus. He said that proper 
treatment should be directed toward the disease in the sphenoid sinus, 
This syndrome in every way represents the clinical picture of certain 
neuralgias. The fact that this entire pain picture is not always produced 
by the inflammations described by Sluder and Vail and that procedures 
directed toward the sphenopalatine ganglion or toward the sphenoid 
sinus do not relieve patients with this syndrome is sufficient reason for 
the assumption that other and varied causes may produce a similar 
clinical picture. This is further justified by the fact that a number of 
the patients in this series with so-called atypical neuralgia were referred 
to Sluder himself and ran the gamut of operative procedures directed 
toward the sphenopalatine ganglion and the sphenoid sinuses without 
relief of pain. It is true that a great number of patients with atypical 
neuralgia can be relieved of pain by such operations, and in my own 
experience this is particularly true of the patients treated in the acute 
stages. To attribute all pain of this type to either sphenopalatine or 
vidian neuralgia, however, would confine therapeutics to too narrow a 
field and result in innumerable failures, as 1 have indicated in 


previous reviews on this subject. For this reason it is preferable to 


look on this unusual syndrome as a type of atypical neuralgia, and 
should operative therapy directed toward the sphenopalatine ganglion 
and sphenoid sinuses fail, attention should be directed to the other 
methods available. It is advisable to be ultraconservative in the use of 
more radical surgical measures, particularly those directed to the sinuses, 
because of the great number of failures that result from such pro- 
cedures. Only in those cases in which clearcut sinusitis exists should 
operation be considered. In my own series, 8 such patients were 
relieved by repeated cocainization of the sphenopalatine ganglion plus 
the use of mild sedatives and occasional supplementation with trichloro- 
ethylene. 

Postherpetic Trigeminal Neuralgia.—Herpes referred to the various 
divisions of the trigeminal nerve, particularly the ophthalmic portion, is 

15. Vail, H. H.: Vidian Neuralgia from the Disease of the Sphenoidal Sinus: 
Report of a Case, Arch. Surg. 18:1247 (April) 1929; Vidian Neuralgia, Ann. Otol., 
Rhin. & Laryng. 41:837 (Sept.) 1932; Vidian Neuralgia, with Special Reference 
to Eye and Orbital Pain in Suppuration of the Petrous Apex, Arch. Otolaryng. 17: 
212 (Feb.) 1933; Pathways of Reflex Pain in Vidian Neuralgia, ibid. 21:277 
(March) 1935. 
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associated with severe, sharp pains of a continuous nature during the 
acute stage. Occasionally, however, the character of this pain changes 
as the herpetic lesions subside and resembles that of atypical neuralgia. 
[his pain may continue for years, and ordinary methods for its relief may 
prove futile. In spite of the fact that the pain continues indefinitely and 
that the patients complain rather persistently of the continuous pain, 
they, like the patients having other kinds of atypical neuralgia, show no 
signs of pain on examination, as indicated by their facial expressions. 
[he 4+ patients who came under my observation had pain referable to the 
ophthalmic division, and all of them were extremely hesitant even to have 
nerve block performed when absolute assurance of cure could not be 
given. This fact makes one wonder whether the pain is actually as severe 
as these persons wish one to believe. In all cases the scars of the pre- 
vious vesicles still remained. The fact that the patients complained of 
a continuous pain which in every way simulated atypical neuralgia 
proper is sufficient indication of its organic character in some cases. 
Thalhimer *° described perivascular infiltrations in the pons extending 
upward to the internal capsule in a case of cervical herpes zoster. Peet * 
said that such a lesion might furnish the satisfactory explanation for 
the persistence of pain after section of the sensory root, especially if the 
lesion was located in the trigeminal portion of the thalamus. Thus, one 
would have an explanation of this pain on the basis of central pain, 
which again would complicate the picture of so-called atypical neuralgia. 
Relief was obtained by Harris ** after injection of alcohol in the gas- 


serian ganglion. Peet obtained only questionable relief in 2 cases by 


section of the sensory root. Treatment of the autonomic system will, 
without doubt, eventually offer some means of relief. 

“Trigeminal Ghosts.”—-To neurosurgeons who have performed any 
great number of operations on the trigeminal tract the occurrence of a 
characteristic atypical pain of an extremely severe and practically con- 
tinuous nature is not new. Fortunately, this annoying, irritating pain 
is extremely rare. Cobb and Mixter,’* Frazier and Russell,® Harris and 
I have described this pain. Cobb and Mixter reported 3 cases of lingual 
spasm following the advent of the atypical neuralgia. The spasm was 
always on the side of operation and usually canfe on with fatigue, as in 
prolonged speaking, or with local irritation to the tongue during eating. 
The lingual spasm was relieved by resection of the lingual nerve through 
the mouth. In this particular instance the spasm was associated with 
vasodilatation of one half of the tongue. Cobb and Mixter stated the 


16. Thalhimer, W.: Herpes Zoster: Central Nervous System Lesions Similar to 
Those of Epidemic (Lethargic) Encephalitis: Report of a Case, Arch. Neurol. 
& Psychiat. 12:73 (July) 1924. 

17. Harris, W.: The Facial Neuralgias, London, Oxford Medical Publications, 


1937, 
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belief that nerve impulses persisted through the autonomic branch fri 
the geniculate ganglion of the facial nerve. The spasm may be relieved 
by cutting the chorda tympani fibers in the lingual nerve. Harris, 
McLean ** and Flothow and Smith? reported some success in relic, 
ing this pain by procedures on the stellate ganglion. Three patients in 
my series had pain of this type. One ran the gamut of medical treat 
ments and injections without recovery from pain. The other was 
relieved to a great degree by acetylcholine. The third patient had 
subtotal root resection. Atypical pains with some trigeminal character 
istics developed deep in the eye and over the first division of the fift! 
nerve. <A peripheral neurectomy was performed on the first division, 
producing some relief in the lancinating character of the pain. The 
patient then gained relief from this deep-seated, burning pain by th 
instillation of cocaine into the eye for about four months, by the instilla 
tion of atropine into the eye for three months and by the inhalation of 
amyl nitrite for an additional three months. Because he complained 
bitterly of pain in his eye, particularly in bright lights, he was given dark 
glasses, which relieved him somewhat. It was then decided to try the 
effect of suturing his eyelids together. ‘This has relieved the deep pain 
in the eyeball for a further period of two months. 

Syndrome Due to Abnormalities of the Mandibular Joint.—Mal- 
occluding original teeth, lack of molar teeth on one side or badly fitting 
dental plates, permitting overclosure, result in anatomic changes which 
produce this syndrome. These anatomic changes cause erosion of the 
bone either of the glenoid or of the mandibular fossa, with impaction of 
the condyles agains the thin bone separating them from the dura. Thes¢ 


condyles then move backward or mesially in controllable movements and, 


according to Costen, irritate the auriculotemporal nerve. Incidentally, 
they also irritate the chorda tympani nerve. The syndrome consists of 
atypical headaches, mild catarrhal deafness, occasional dizzy spells, 
glossodynia and occasional herpes. 

The treatment consists of reposition of the jaws by slowly increasing 
the vertical dimension of the jaw. The interposition of a disk between 
the molar teeth helps to verify the diagnosis, and the problem then 
becomes one of conservative or radical surgical measures. Two patients 
in my series were not relieved by this method, but they refused oral 
surgical treatment. 


18. McLean, A. J.: Intractable Facial Pain: Relief by Deep Injections of 
Alcohol, Northwest Med. 32:16 (Jan.) 1933. 

19. Flothow, P. G., and Swift, G. W.: Surgery of Sympathetic Nervous 
System: Review of One Hundred Sympathetic Ganglionectomies, Am. J. Surg. 
21:345 (Sept.) 1933. Flothow, P. G.: Injection of Sympathetic Nervous System, 
California & West. Med. 44:182 (March) 1936; personal communication to the 
author, 1938. 
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lutonomic Faciocephalalgia——From the group with atypical neu- 

ia of this kind Brickner and Riley ” selected 3 patients who were 
enable to treatment with ergotamine tartrate and with epinephrine. 
ey pointed out the confusion of nomenclature between cases of atypical 
migraine and those of atypical neuralgia. Vallery-Radot and Blam 
itier °° reported a case in which a similar type of pain was relieved by 
the use of epinephrine. One cubic centimeter of epinephrine injected 
subcutaneously abolished all the pain within fifteen minutes, and it did 


not reappear until fourteen hours later. A gargle of 20 drops of a 


1,000 solution of epinephrine in 2 teaspoonfuls of water gave mild 


lief of symptoms. Twenty subcutaneous injections of 1 cc. of a 
1,000 solution of epinephrine given over a period of seven weeks 
abolished the symptoms. These authors expressed the opinion that 
repeatedly induced constriction abolished the headache, which was 
lependent on vasodilatation and that such a headache was in contrast to 
that of migraine, which they believed was the result of vasoconstriction 
Basing their conclusion on these 4 cases, Brickner and Riley advanced 

the opinion that there are two types of headaches: one influenced by 


epinephrine (and presumably due to localized sympathetic hypofunction ) 
and the other influenced by the supppsed antagonist of epinephrine, 
ergotamine tartrate (and presumably dependent on localized sympathetic 
hyperfunction ). 

My own experience verifies this opinion of Brickner and Riley. 
Under my observation, 4 patients have been relieved by ergotamine 
tartrate, and 1 whose condition was classified as a “trigeminal ghost” was 
relieved temporarily by amyl nitrite. It is my opinion that patients 
having atypical neuralgia should be treated with the various vasocon- 
strictor and vasodilator drugs to determine whether their condition can 
be differentiated from the main group of atypical neuralgias. 

Vallery-Radot and Blamoutier found that by immersing the hands 
f certain migrainous patients in ice water and by applying ice to the 
front of the head attacks of migraine could be induced. In my own 
experience, I have had under observation a number of patients whose 
attacks of migraine could be abolished for several hours by the application 
of ethyl chloride to the area of pain. As the area became frozen the 
pain wandered laterally to the parietal region and then disappeared. 

Painful Convulsive Tic—The existence of the syndrome of atypical 
neuralgia with facial spasms could be differentiated from the usual 


20. Vallery-Radot, P., and Blamoutier, P.: Syndrome de _ vasodilatation 
hémicéphalique d’origine sympathique, Bull. et mém. Soc. méd. d. hop. de Paris 
49:1488 (Nov. 27) 1925. 
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variety. This affliction is uncommon and few cases have been report 
in the literature. Cushing * described 3 cases of his own and made not 
of an additional case supplied by a surgeon in Philadelphia. The diseas: 
in these cases closely simulated trigeminal neuralgia. The spasms wer 
extremely severe and were associated with considerable pain. In 3 cases 
operation on the gasserian ganglion and the facial nerve failed to reliey: 
the pain. Ina fourth case the patient was relieved by spinofacial anasto 
mosis. Harris * relieved a patient with this condition by injection of 
alcohol into the gasserian ganglion. 

In the present series 1 patient with this syndrome has been encoun 
tered. This man had continuous pain of the atypical variety, associated 














Fig. 2.—Facial expression during an attack of facial spasm associated witl 
severe facial pain. 


with facial tic. The pain was extreme, with exacerbations during the 
spasm. He had several badly infected teeth, which were removed. He 
was placed under treatment with mild sedatives and inhalation of ampules 
of trichloroethylene three times a day, and was told to practice the control 
of his facial tic before a mirror. Within a week the spasms had greatly 
subsided, and the atypical neuralgia had improved about 85 per cent. The 
patient was an active, stern, stable person, who continued his work in 


spite of his discomfort. After relief of symptoms for about three months, 
he became worried because of marital difficulties. Immediately his pain 
increased and his spasms were more frequent, but they were again 


relieved by increasing doses of sedatives (fig. 2). 
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leadache Due to Hypertonicity of Muscles of the Neck.—Peritz, 
and Mithoefer ** have called attention to a headache secondary 


pertonicity of muscles of the neck. They stated the belief that the 


ertonicity is due to such abnormalities as dysfunction of the endo- 
system and arthritis. Various authors have described this pain as 
mvalgia, indurated headache, nodular headache, muscular headache and 
muscular rheumatism. These headaches simulate either the chronic or 
the intermittent type of atypical neuralgia proper and may be associated 
with vertigo, vomiting and earache. The muscles of the neck are hard 
and hypertonic; occasionally they may be indurated The sterno 
clavicular and acromioclavicular joints and the cervical vertebrae may 
be the source of arthritis. The muscles that become involved are the 
sternocleidomastoid, the trapezius and the splenius capitis. Frequently 
local pain exists over the sternoclavicular joint and the sternocleido 
mastoid attachment, as well as over the superior oblique and the temporal 
muscle. The occipital nerve may be tender; the tactile sense becomes 
much exaggerated, and the muscles themselves may feel thicker than 
normal. Massage of these muscles, on an average of three times a 
week, is extremely beneficial. For chronic sufferers, when the acute 
pain has subsided, massage every two weeks for a year is indicated. 
Exercise, removal of the foci of infection, use of infra-red light and 
administration of sedatives are also of value. 

Senile Neuralgia—Oppenheim * discussed a case of senile neuralgia 
in which the pain, he concluded, was due to osseous changes in the 
edentulous jaw, causing compression of the nerve endings. Whether 
or not this explanation is correct, resection of the alveolus does not 
always cure the pain. Glossodynia, another name used by Oppenheim, 
suggests a similar condition in the tongue. There is a burning, prickling 
sensation of the tongue, unilateral or bilateral, with or without a pro- 
nounced fear of cancer. Usually this disease occurs in elderly women. 
Whether the sensation is the result of the fear or whether the fear is 
secondary to the sensation is hard to determine. It is more likely that 
the sensation comes first and that its interpretation by the patient as an 
early sign of malignant disease is secondary. As to the cause of these 
unpleasant sensations in senile persons there is room for much specula- 
tion; certainly one should interpret them in terms of the mental and 
physical state of the patient. Arteriosclerosis and vascular insufficiency 
affecting the nerve endings seem the most plausible cause; the lesion, 


21. Peritz, G.: Neuralgie, Myalgie, Berl. klin. Wehnschr. 44:952, 1907. 

22. Halle: Die Bedeutung der Myalgien fiir Diagnostik und Therapie in der 
Rhino-Otologie, Verhandl. d. Gesellsch. deutsch. Hals- u. Nasen- u. Ohrenirzte, 
1921, p. 423. 
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Ann. Otol., Rhin. & Laryng. 48:67 (March) 1934. 
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however, may be higher in the brain stem, or the symptoms may b: 
first sign of progressive mental deterioration. The same types of sensa 
tion are felt in other parts of the body, notably in the extremities 
arteriosclerotic patients. Oppenheim described a case of senile neuritis 
with definite signs of impairment of function of the peripheral nerves: 
in such a case the lesion is supposed to be thickening and obstruction 
of the vasa nervorum with overgrowth of the connective tissue of 
the nerves. 
ATYPICAL NEURALGIA PRODUCED BY SYSTEMIC DISEASES 

Allergy.—Allergic headaches, classified by many as true migraine, 
closely simulate in many instances the pains of atypical neuralgia. | 
allergy can cause these pains is an established fact. In my own 
experience, [ have known 2 patients with true atypical neuralgia to be 
relieved of their symptoms when they refrained from eating the foods 


t 


to which they were sensitive (Rowe,** Balyeat and Brittain, 
Vaughan 2°), 

Endocrine Disturbance.—Riley,*” in a review of migraine, and 
Glass ** reported success in the treatment of headache with endocrine 
preparations. Their patients revealed an abnormal ratio of estrogenic 
and gonadotropic substances as measured by their excretion in the urine. 
Case histories showed that the seizure was preceded by an increased 
output of gonadotropic substance, and the observers were actually able 
to induce headaches in these women by the injection of gonadotropic 
substance. Glass, in the study of 10 cases, showed a reversal of the 
normal ratio in the direction of increased output of gonadotropic sub- 
stance and decreased output of estrogen. Estrogenic therapy suppressed 
the output of the gonadotropic substance, producing relief of symptoms 
in 80 per cent of the cases. In the other cases, administration of gonado- 
tropic substance either gave no relief or intensified the symptoms. 

Psychoneurosis—Most of the patients with atypical neuralgia have 
a definite associated neurosis. In the majority of cases this neurosis is 
caused by persistence of the pain. This continuous gnawing, exasper- 
ating pain is sufficient to bring about nervous manifestations. For this 
reason, it has always been helpful to administer sedatives and to have 
the patients remain occupied and take a certain amount of physical 
24. Rowe, A. H.: Food Allergy: Its Manifestations, Diagnosis and Treatment, 
A. M. A. 91:1623 (Nov. 24) 1928. 

25. Balyeat, R. M., and Brittain, F. L.: Allergic Migraine, Am. J. M. Sc. 
180:212 (Aug.) 1930. 

26. Vaughan, W. T.: An Analysis of the Allergic Factor in Recurrent 
Paroxysmal Headaches, J. Allergy 6:365 (May) 1935. 

27. Riley, H. A.: Migraine, Bull. Neurol. Inst. New York 2:429 (Nov.) 19. 

28. Glass, S. J.: Migraine and Ovarian Deficiency, Endocrinology 20:33. 
(May) 1936. 
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ise. However, there is no question that in some cases a true 
choneurosis exists which accounts for the entire picture. The patients 

as a rule a variable form of atypical neuralgia, for they seem never 

tell the same story. A psychiatric study of these patients always 
als definite reasons for their generalized nervous manifestations. 
Their condition differs distinctly from the atypical neuralgia with a 
secondary neurosis, and their pain should not be confused with the 
neurotic manifestations of patients with secondary neuroses. Oppen 
heim called attention to pains and unpleasant sensations in the jaws or 
the tongue of elderly persons as an early sign of a senile psychosis with 
somatic delusions. In such cases profound depression frequently 
develops, and these somatic delusions may be misinterpreted as atypical 


neuralgia before the delusional state becomes manifest. 


ATYPICAL FACIAL NEURALGIA DUE TO LESIONS OI 
AND ABDOMEN 
White,*® in a personal communication, wrote of a patient who had 
previously been relieved of atypical neuralgia by sympathectomy. The 
pain had recurred and was again relieved by the removal by Penfield of 


a calcified cerebral mass. Refractive errors and infections of the eye 


may occasionally produce the picture of atypical neuralgia. Three such 


cases occurred in my series. Involvement of the mastoid and thrombosis 
of the lateral or the cavernous sinus may also produce this characteristic 
pain. Three such cases came under my observation. Deep-seated infec- 
tions of the face may also give a similar picture. This occurred in 2 
cases. Little difficulty should be entailed in making the diagnosis of 
this kind of neuralgia. The pain is usually acute and not of long stand 

ing; the temperature is high, and evidence of the associated disease is 
clear. In cases of deep-seated facial abscess, however, the pain may 
persist from four to seven days before evidence of local infection 
presents itself. 

Dental sepsis occasionally produces the same picture. Six cases in 
my series represented this type of origin. One must be exceedingly 
cautious, however, in deciding on dental involvement as the cause of the 
pain. As I have previously stated, too many teeth have been removed 
uselessly, without relief of pain, and only in those cases in which one 
is certain of the presence of ill fitting bridges, tight fillings or abscessed 
teeth should one consider the extraction of teeth or the removal of 
bridges. In 1 patient the nasal septum was markedly deviated, and a 
spur was situated in the sphenopalatine region. Straightening of the 
septum and removal of the spur relieved the patient of pain. 


29. White, J.: Personal communications to the author, 1938 
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In a number of cases thoracic and abdominal, as well as pelvic, lesions 


were responsible for neuralgia. Lapinsky,®® Fay ® (1932) and Pot- 
tenger ** have called attention to this syndrome. 


PHYSIOLOGY 


The pain of atypical neuralgia and that of migraine have many 


similar characteristics. In each the pain is not of the acute type asso- 
ciated with neuralgias of the peripheral nerves, such as trigeminal and 
glossopharyngeal neuralgia, but is more like the pain associated with 
vascular disease. It is a burning, pressing, aching, annoying, discom- 
forting pain. That the blood vessels are sensitive to pain is a well 
known fact based on clinical and experimental studies. The distribution 
of atypical neuralgia is not identical with that of any cranial nerve or 
of any combination of nerves, but does follow to a certain degree the 
course of the vasculature of the head (see fig. 1). The blood vessels, 
without doubt, act as conduits by which sensory nerves are carried to 
the various parts. All these nerves probably include afferent components 
of cerebrospinal nerves. 

Moore, Moore and Singleton ** have demonstrated the chemical 
stimulation of nerve endings for pain in small blood vessels, while the 
sensitivity of blood vessels has been reviewed in detail by Kuntz ** and 
the innervation of the blood vessels has been adequately discussed by 
Woollard.** 

The afferent impulses of pain originate in the walls of blood vessels, 
and nonencapsulated sensory endings are known to occur in the 
adventitia. Spiegel and Wassermann observed that slight distention 
of the ascending aorta elicited pain, while Odermatt demonstrated that 
pain may be elicited by the distention of arteries of any caliber. Bazett 
and McGlone ** showed that simple puncture of the wall of an artery 
is very painful. They personally have informed me that such pain 
closely simulated that of atypical neuralgia and was of a dull, aching, 
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arable quality, frequently accompanied by sweating, sensation of 

‘nth or cold, faintness or even loss of consciousness. Introduction 

barium chloride and various manipulations of the blood vessels pro- 

iced pain. Clinical conditions of the arteries, such as ischemia, 
-aynaud’s disease, angina pectoris and embolism, give further proof that 
arteries are sensitive to pain. It has long been known among neuro- 
urgeons that in an operation with local anesthesia pressure on the 
middle meningeal artery produces pain. 

Penfield ** has demonstrated that the dural sinuses are sensitive to 
pressure, traction, heat and electrical stimulation. Pull exerted on the 
falx and tentorium produced pain, but Penfield said he believed that 
this pain was secondary to sinusal response. A cicatrix was generally 
associated with great increase in sensitivity of the adjacent dura. The 
cerebral veins were usually not sensitive, though the large vein of the 
sylvian fissure occasionally was sensitive to electrical stimulation; this 
sensitivity, however, could be due to escape of current to the larger 
arteries of the fissure. The large cerebral veins were also sensitive at 
times. Pacchionian granulations were sensitive, and electrical stimula- 
tion of the middle cerebral artery produced pain. The dura was sensitive 
only over the middle meningeal vessel. The pain from the cerebral 
vessels was referred about the temples and the head and deep into the 
eye, but not to the face, and was of the nature of pressure or of sharp 
pain. 

Franklin,*’ in his monograph on veins, further indicated the sen- 
sitivity of the veins and called attention to the fact that Goobler, in 
1894, noted that a peculiar sensation arose during contraction in response 
to mechanical stimulation of the veins on the dorsum of the hand. The 
probable pathways of the afferent impulses of the veins are through the 
vagus nerve. 

All these facts point not only to the vascular origin of these peculiar 
pains but also to the difficulties of intercepting their arc. Chorobski 
and Penfield ** noted that complete removal of all the sympathetic nerve 
fibers which enter the cranial cavity on the carotid and the vertebral 
arteries does not appreciably reduce the number of normal intracranial 
perivascular nerve fibers. The authors stated that occasional branches 
to the pia from other cranial nerves need further investigation, and it 
became evident to them that denervation of cerebral blood vessels is 


36. Penfield, W.: A Contribution to the Mechanism of Intracranial Pain, 
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without doubt a surgical impossibility. They suggested that the par 
sympathetic pathway is interrupted by synapses, with scattered gangli 
cells, just before reaching the internal carotid artery, and that tly 
cervical portion of the sympathetic chain, which has been thought to hav 
its postganglionic stations in the superior cervical sympathetic ganglion, 
may also be interrupted by the scattered ganglion cells along the cours 
of the internal carotid and cerebral arteries. 

The means of conduction of pain of atypical neuralgia is still 
matter of some doubt. In all likelihood the atypical neuralgias repre- 
sent numerous types of production of pain. There is no question that 
this pain is carried over the carotid and vertebral arteries, as well as 


over the vertebral veins and the branches of the jugular vein and th 


dural sinuses. It is even possible to consider some of these types of 
pain as of central origin. 

Langley and Gaskell concluded that the sympathetic system is 
purely motor system and that the sympathetic nerves carry no sensor, 
fibers of their own. Stohr’s conception that the nonmyelinated fibers 
are functionally the same as the myelinated fibers finds confirmation 
the experimental work of Allen, and also in that of Windle, who found 
that the pain tracts for the teeth are formed partly of nonmyelinated 
and poorly myelinated fibers. Morphologically, it is definitely established 
that the rami communicantes contain myelinated and nonmyelinated 
fibers which go through the anterior and posterior roots of th 
ganglionated cord. The number of myelinated fibers a nerve possesses 
is no indication of whether it belongs to the sympathetic or to the 
cerebrospinal system. Sensory fibers must also be present in the rami 
communicantes since sensory endings are present in the area of distribu- 
tion of the sympathetic system, and since after section of an area of 
the sympathetic system tigrolysis is observed in cells of the associated 
spinal ganglion. 

Helson,®® who stated a firm belief that the afferent fibers actuall 
are part of the sympathetic system, gave the following reasons to support 
his view: 

Although I should not want to negate the possibility that contraction or 
dilatation of the blood vessels stimulates somatic nerve receptors in the blood vessels, 
it seems to me probable that the autonomic nervous system has afferent fibers truly 
belonging to it. It may be only a matter of definition, but definitions are extremely 
important. The article by Foerster and his colleagues referred to in my study 
with Frazier cites much evidence in support of autonomic afferent fibers, and 
there are many other articles in which the same position is taken. One German 
writer asserted that all pain is mediated by the autonomic nervous system, an 
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e position I should not take. Ranson, several years ago, mapped the number 
ts for pressure, pain, warmth and cold sensation on several parts of the 
and then counted the number of fibers in the area. He found enough large 
(8 to 16 microns) to account for pressure sense, enough medium fibers 
8 microns) for temperature sense, but not enough small fibers (1 to 5 

ns) for pain sense, unless he included the unmyelinated fibers (under 1 

n), in which case he had just enough. Now the usual assumption is that the 

elinated fibers in any peripheral bundle belong to the autonomic nervous 

n, the post ganglionic fibers of which are unmyelinated. The ‘longer latent 

riod and the slower arousal of pain sensation argue for fibers of slow con- 
tion (hence of small diameter). Perhaps the solution simply requires histologic 
xamination to determine the cells of origin of these smallest, unmyelinated fibers. 
Recent experimental work on antidromic impulses and the newer views of synaptic 

n make it seem less improbable that the autonomic nervous system is afferent 

vell as efferent. Recent emphasis on the thalamus as both the seat of emotions 
nd an autonomic center also lends support to this view. In any case, I believe 
that the peripheral afferent system masks the autonomic afferent system in the 
iormal, intact organism and so the latter system does not normally function 
primarily as an afferent conductor. Evidence from the chronaxias of normal 
versus deafferented skin supports this theory. 

Helson stated he would gladly revise his opinion if further evidence 
were available. This view of Helson’s, however, is not shared by the 
ajority of clinicians and is not in accord with accepted opinions. 

It is also believed that the sensory neuron actually conducts the 
pain sense, but runs within the sympathetic trunk. Indirectly the sym- 
pathetic system may be responsible for the pain when, by means of 
asoconstriction, a metabolite is produced which causes painful stim- 
‘lation of the cutaneous sensory nerve. Referred pain, according to 
the McKenzie-Ross theory, may also be a causative factor. Some form 
of sensation, not true pain, travels up the splanchnic and other visceral 
nerves as far as the posterior horn. There the bombardment of the 
visceral impulses sets up an irritable focus. The threshold for the 
somatic impulses, which are constantly entering the same segment from 
the periphery of the body, is diminished. The nerve cells act according 
to their function. When such stimuli from the splanchnic nerves 
and from other visceral nerves bombard these cells, pain consequently 
arises and is referred to the peripheral distribution of the nerve stim- 
ulated. Sweating, goose flesh and other manifestations must be due 
to reflexes through arcs made up of visceral afferent and visceral 
efferent chains. 

Considerable study has been carried out in order to determine the 
pathways by which atypical neuralgic pains travel. If these pathways 
could be accurately located, the problem of atypical neuralgia would 


be solved because interception of these pathways by surgical measures 
would relieve the pain in the same manner as section of the sensory 
root relieves trigeminal neuralgia. Unfortunately, the pathways for 





362 ARCHIVES OF INTERNAL MEDICINE 


pains of atypical neuralgia are not as simple as those of trigen 
neuralgia, and the operations which would necessarily interrupt 
would have to be unusually extensive; even then, the patient would 
be assured of entire relief. 

Fay ® (1932), after reviewing the various combinations of sens: 
sympathetic, vagal and vascular nerve sheath resections and analy; 
the results (assisted by a process of negative elimination), indicated 
the existence of three distinct mechanisms for pain transmission in t 
structure of the head, face and neck: (1) the trigeminal and cer\ 
branches for superficial pain; (2) the sensory branches and connections 
of the vagus nerve for deep pain, and (3) along the arterial tre 
through the carotid sheath to the cervical and thoracic portions of 
cord for tenderness and deep pain. Fay’s opinion was confirmed 


stated that after degeneration of the divided nerve fibers had take: 
place after extirpation of the superior cervical sympathetic and nodose 
ganglions in his experiments, sections through the common internal 
and external carotid arteries and the nerves closely associated wit 
them still revealed intact nerve fibers. Marchi preparations of th 
common and internal carotid arteries made after section of the roots 
of the upper four thoracic nerves just distal to the spinal ganglions 
revealed degenerated myelinated fibers in considerable numbers. QO: 
the basis of these observations, he said, it is evident that afferent 
components of the upper thoracic nerves join the plexus on the commor 
carotid artery and extend cephalad along the internal and probably 
also along the external carotid artery. The presence of myelin degen- 
eration in Marchi preparations of the nasal and nasociliary nerves afte 
section of the roots of the upper four thoracic nerves (Christenset 
1934) indicates that some of the afferent components of the thoraci 
nerves which extend into the cephalic region reach the orbit and th 
nasal mucosa. After degeneration of the divided fibers following 
extirpation of the entire cervical sympathetic trunk, including th 
superior cervical ganglion, but with the vagus nerve left intact, sections 
of the internal and external carotid arteries and the nerves associated 
with them revealed numerous intact fibers obviously of vagus origin 
These fibers probably were afferent components of the vagus with their 
cells of origin in the nodose ganglion. The afferent spinal nerve 
components, which extend into the cephalic region, probably are not 


primarily pain-conducting fibers. Those which underwent myelin degen- 


40. Kuntz, A.: Pathways Involved in Pains of Nasal and Paranasal Origin 
Referred to the Lower Cervical and Upper Thoracic Segments and the Upper 
Extremity, Ann. Otol., Rhin. & Laryng. 45:394 (June) 1936; Nerve Fibers of 
Spinal and Vagus Origin Associated with Cephalic Sympathetic Nerves, ibid 
43:50 (March) 1934. 
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eration in the plexuses on the common and internal carotid arteries after 
section of the nerve roots, as observed in the Marchi preparations, were 
mainly fibers of larger caliber than the spinal nerve fibers which are 
nown to mediate pain. Mild electrical stimulation of the plexus on 
he common carotid artery experimentally did not elicit pain reactions, 
but resulted in reflex responses in the lower cervical and upper thoracic 
segments and particularly in the forelimb. The vagus components 
which join the plexuses in the internal and external carotid arteries are 
mainly fibers of small caliber, many of which are either unmyelinated 
or only thinly myelinated. Many of these probably are fibers which 
normally mediate pain. The existence of afferent fibers of spinal nerve 
origin along the carotid arteries has been verified by Larsell. 

Davis and Pollock,‘ on the basis of experimental work, demon- 
strated that stimulation of the superior cervical sympathetic ganglion 
produced an effect that was carried by way of the postganglionic effer- 
ent fibers to the structures innervated by the sympathetic fibers. These 
efferent impulses then produced on the skin and other structures an 
effect the exact nature of which they were unable to state. They 
expressed the belief that the effect was linked with the sympathetic 
innervation of the blood vessels and that a metabolite was liberated 
which stimulates the ordinary sensory nerve endings of the fifth nerve. 
These impulses were then transmitted centrally and were recognized 
as pain. The part that the afferent impulses through autonomic nerves 
play in the production of pain must still be regarded as problematic 
Kuntz asserted that it is no longer necessary to assume afferent con- 
duction in autonomic fibers. In all the conditions referred to in this 
paper afferent fibers are available. One cannot deny the painful char- 
acter of arterial spasm, but experimental studies show that it must 
be discounted. On the other hand, clinical data indicate that vasomotor 
phenomena which were associated with atypical neuralgia in this series 
of cases and in the cases reported by Brickner and Rilev were relieved 
by medication directed toward the autonomic system. In 50 per cent 
of the cases reported by Beerman and me, there were sympathetic 
phenomena. The problem is still one to be solved, and as experimental 
work is further carried out its clinical application to atypical neuralgia 


will without doubt eventually bring about the relief of the pain. 


TREATMENT 
In the treatment of atypical neuralgia, every effort should be made 
to eliminate the secondary factors which may bring about the pain. In 
cases in which the pain has been present for a short time the results 


41. Davis, L., and Pollock, L. J.: The Role of the Sympathetic System in the 
Production of Pain in the Head, Arch. Neurol. & Psychiat. 27:282 (Feb.) 1932. 
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of treatment are far better than in those in which the pain has persis 
over a long period. In cases of the early form the cause is usua 
established. Therapy should be ultraconservative, particularly 
regard to surgical measures, for in many cases the condition is mad 
worse rather than improved if the wrong operative procedures are \ 
ried out. 

In dealing with cases of primary atypical neuralgia for which ; 
has been unable to find a definite cause, treatment must be direct 
either by medical or by surgical methods toward the nerves responsib| 
for the pain. Many of the patients have an associated psychoneurosis 
which is brought on by the persistent and nagging character of th 
pain. Occasionally, however, one does find patients whose psychoneu 
rosis is the causative factor, but in the series under my observation 
there were only a few such persons. In such instances the treatment 
must be directed toward the existing neurosis. It is apparent. that 
some of these patients have a very low threshold for pain, so 
they greatly magnify the pain they have. The medical treatment con 
sists of the use of the choline compounds. Simonart * concluded: 


Of all the compounds investigated the acetyl ester of 8-methyl choline appears 
actually to offer the greatest possibility of clinical usefulness, since it is approxi 
mately as potent as acetyl choline in lowering blood pressure when given intra 
venously ; it has no demonstrable nicotinic action on the circulation; and it is 
much more stable than acetyl choline that it is effectively absorbed from th 
intestinal tract and is much more potent than acetyl choline when injected 
cutaneously. 

Two of my patients have been relieved by acetylbetamethylcholine 
one, a woman who became addicted to narcotics because of this pain, 
has been relieved for seven years; the other, for two years. McLean ‘ 
reported 2 cases in which relief was obtained by acetylbetamethylcholin 
chloride (mecholyl). In addition to administration of the choline com 


1 
} 


pound, therapeutic attempts should be directed to the use of other 
drugs which stimulate the parasympathetic and the sympathetic sys 
tem, such as epinephrine, ergotoxine, amyl nitrite, physostigmine and 
atropine. One of my patients, with a “trigeminal ghost” in the eye, 
in which the pain was definitely localized, received relief from the pain 
for several months by instillation of atropine into the eye. Four of 


my patients were relieved by the inhalation of trichloroethylene 
\bbott ** reported the relief of 10 patients by such inhalations. 


42. Simonart, A.: On the Action of Certain Derivatives of Choline, J. Pharma 
col. & Exper. Therap. 46:157, 1932. 
43. McLean, A. J.: Personal communication to the author. 


44. Abbott, W. D.: Personal communication to the author. 
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Fay # stated that he obtained relief by a full course of applications 
eat to the base of the neck. 
Fincher,’® 1n discussing Wilson’s paper, told of the work of Dr. 
). Thomson, who produced relief in cases of atypical neuralgia. 
ng a solution of magnesium sulphate and magnesium borate, in glycerin, 
aces a small tampon in the auditory canal down against the drum membrane 
50 per cent of his results have been noted in three or four hours afterward. 
of these patients have gone as long as five to six months before it was 
sary to change the tampon, He has followed these cases for several years, 
ut recording his results. 


i6 


Flothow *° stated he was not able to tell whether the injection actu 
ily gives relief or whether the relief is due to a psychic effect. Never- 
theless, he has had some success with this method in 4 cases. In all 
his cases the pain was not continuous, but intermittent. The middle 
and inferior cervical ganglions and the first and second thoracic gan- 
glions were removed. In 1 case the pain was relieved for a long time 
In 2 other cases there was associated tic douloureux, which was relieved 
by injection of alcohol. In the fourth case the pain was relieved, but 

patient died of postoperative pneumonia. McLean reported a 
‘ase of atypical neuralgia combined with true trigeminal neuralgia in 
which relief was given by a diagnostic procaine block of the cervical 
portion of the sympathetic chain. It is difficult for one to understand 
how a temporary block, such as is obtained with procaine, could 
relieve such a condition unless it was purely functional. 

White 7" relieved 1 patient by surgical excision of the inferior 
cervical and upper two thoracic ganglions. The pain remained absent 
for five years and then returned. Later, as I have previously men- 
tioned, this patient was relieved by excision of a calcified area in the 
falx. 


In a second case of White’s, it was necessary to resect the first and 


second thoracic ganglions, the inferior cervical sympathetic ganglions 


and the common carotid artery. Reichert ** reported 5 cases of a 
combination of trifacial neuralgia and atypical neuralgia. Resection 
of the fifth root relieved the tic, and in 3 cases of atypical neuralgia 
the pain was relieved by injection of alcohol into the seventh cervical 
ganglion and the first and second thoracic ganglions. In the other 2 
cases relief was not obtained. 

Grant °* obtained relief in 1 case of atypical neuralgia by the removal 
of the stellate ganglion. Abbott secured relief in 4 cases. Dandy * 

45. Fay, T.: Personal communication to the author. 

46. Flothow, P. G.: Personal communications to the autl 

47. Reichert, F. L.: Personal communication to the author. 


48. Dandy, W. D.: Personal communication to the author 
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reported on the treatment of hemicrania by removal of the infe: 

cervical and first thoracic sympathetic ganglions in 2 cases. Pentfield 
relieved this pain in 2 cases by the following procedure: He removed 
the superior cervical sympathetic ganglion, decorticated the carot 

artery, excised the upper pole of the stellate ganglion and the plexus 
on the vertebral artery and then cut the upper divisions of the fiftl 
sensory root. The patient has been free from pain for three years. In 
the second case the superior cervical sympathetic ganglion was removed 
and periarterial sympathectomy was performed on the carotid artery, 
together with a subtotal resection of the sensory root of the fiftl 
cranial nerve. ‘The plexus on the vertebral artery was not removed, 
and consequently pain remained in the posterior part of the left sid 
of the head and neck. Multiple operations have been carried out by 
sraeucker,”' who reported relief of atypical neuralgia, which he called 
“pseudotrigeminal neuralgia.” He extirpated the gasserian ganglion 
and removed the sphenopalatine ganglion with all its branches, as well 
as the first to the fourth cervical nerves, together with the rami of the 
external carotid nerve, which come largely from the superior cervical 
ganglion and the hypoglossal nerve. The pain in the upper jaw, with 
radiations over the face, head, neck and shoulder disappeared. Fay, 


in order to determine the sensory tracts of the head, and also to oftfei 


some relief in cases of atypical neuralgia, has operated on the occipital, 
glossopharyngeal, hypoglossal and vagus nerves. He has concluded, 
however, as recorded in a personal communication, that these operations 
are too formidable for therapeutic measures, and consequently he has 
not performed any for the last ten years. 

From these observations, it is apparent that some patients wit 
atypical neuralgia can be relieved by operations directed toward the 
sympathetic system. Before operation is resorted to, however, all the 
various therapeutic measures suggested for the secondary neuralgias 
should be tried. If these prove unsuccessful, there is a possibility that 
the patient can be relieved by surgical procedures on the sympathetic 
system mentioned in the preceding paragraphs. Operations on the 
sympathetic system and injection of alcohol should not be carried out 
unless a diagnostic procaine block has been employed. If alcohol is 
injected, great difficulty will be encountered in later surgical measures 
because of the mass of adhesions that form about the site of the injec 
tions. 

If an operation is to be performed, it seems reasonable to assum 
that in some cases removal of the stellate ganglion and of the first 
and second thoracic ganglions is sufficient to relieve the pain. How- 
ever, if removal of these ganglions does not relieve the pain, injection 
of alcohol into the trigeminal nerve may be performed. This injection 





GLASER—ATYPICAL FACIAL NEURALGIA 367 


| be made because isolated ganglion cells within the leptomeninges 

isolated ganglion cell on the carotid artery within the skull may 

t within its own area of distribution and the pain impulse be carried 

nsciousness along the route of the trigeminal nerve or because 

possible that efferent pain impulses may travel along the fifth 

producing a metabolite which stimulates the general cutaneous 

ng. Penfield did not advise the removal of the stellate ganglion 

ll the connections with the head are interrupted by excising both the 

superior cervical sympathetic ganglion from the carotid artery and the 

idle-shaped ganglionic extension along the vertebral artery. Further 

and added clinical experience are necessary to evaluate satisfac- 

ily the results of these surgical procedures, but at least a logical 
solution of this problem is gradually being found. 


SUMMARY 
Though the term “atypical neuralgia’ is not particularly good it 
is no less explanatory than “migraine.” ‘The close relationship of the 
linical picture of atypical neuralgia to that of migraine is apparent, 
and when a new name is decided on it should incorporate both clinical 
entities. Atypical neuralgia has been described in the literature under 
a number of terms, and in this paper an effort has been made to corre- 


late the various clinical and pathologic entities which may produce this 


syndrome. One should no longer be baffled in the attempt to find a 
remedy for this syndrome, but should make every effort to find the 
secondary causes, to utilize the various conservative medical treatments 
suggested and, finally, to rely on test nerve blocks before attempting 
he various surgical procedures. 

One cannot overemphasize the need for extreme caution in carrying 
ut Operative procedures on such structures as the teeth and sinuses, 
unless the certainty of a pathologic process in these regions actually 
exists. If one is too radical in such operative work, more harm than 
good will result and the patient will be far worse than before operation. 


Each patient should be looked on as a diagnostic problem, and no pro- 


cedure should be carried out without a long study. 





GASTROSCOPY AND THE PHYTOBEZOAR 


REPORT OF A CASE OF DIOSPYROBEZOAR 


DONOVAN C. BROWNE, M.D. 
AND 
GORDON McHARDY, M.D 


ORLEANS 


Phytobezoars are sufficiently rare to justify our being stimulat 
publication of a case recently observed. When DeBakey and Ochsne 
completed their critical analysis of the literature on 311 intragast: 
foreign bodies, they were able to report only 126 instances 
phytobezoar. 

Bezoars have always been of considerable interest and have 
antiquity been prized by their discoverers. In the earlier days 
were valued as charms and as curative agents. Today they serv 
excellent exhibits for medical meetings. Numerous manuscripts review 
ing their history, method of formation, character, diagnosis and tr 
ment have appeared in the literature.’ 

Since these phases have been studied and reported on adequate! 
we shall confine our discussion to the most recent advance in the stud 
of bezoars; the use of the gastroscope. It was first reported in 1936 
by Moersch,* who viewed a phytobezoar in situ with the flexi! 
gastroscope. 

Moersch’s patient had been gastrotomized for removal of a bezoat 
in 1935, with the surprising result that the roentgenologic findings 
could not be confirmed. When, in 1936, the roentgenogram agait 
indicated the presence of a bezoar, the patient refused to have at 
operation until a gastroscopic examination had convinced him of the 
validity of the established diagnosis. A phytobezoar was successfull) 
removed. This case illustrates the definite value of gastroscopy as an 


added diagnostic procedure. 


From the Department of Medicine, School of Medicine, Tulane Universit; 
and the Gastrcenterology Clinic, Touro Infirmary. 

1. DeBakey, M., and Ochsner, A.: Bezoars and Concretions, Surgery 4:93 
1938; 5:132, 1939. 

2. (a) Matas, R.: Hairballs of the Stomach, Tr. Scuth. Surg. & Gynec 
26:603, 1914. (b) Maes, U.: Bezoars, Ann. Surg. 88:685, 1928. 

3. Moersch, H. J., and Walters, W.: Phytobezoar with Visualization 
Means of Gastroscopy, Am. J. Digest. Dis. & Nutrition 3:15, 1936. 
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* reported a case in which the roentgenologist 


fin and Reeves 
state only that there was an indefinite irregularity along the lesser 
iture of the stomach, with a filling defect near the pylorus; their 
scopic study revealed a mobile body identified as a bezoar. Surgical 
oval was resorted to, and laboratory study showed the specimen to 
phytobezoar. 

Patterson and Rouse ® viewed a phytobezoar and had their gastro- 

ypic study verified at operation. 

None of these observers were able to demonstrate an associated 
ulceration by gastroscopic examination, and from their reports one 
‘oncludes that in no case was ulceration found by the surgeon. 

\side from phytobezoars, Benedict ° has studied a plum seed and 

prune seed in the stomach. Segal* had the unusual experience of 
seeing a large gallstone penetrating the gastric wall from an adherent 
gallbladder. This stone was nonopaque to roentgen rays and therefore 
was not seen on roentgenologic study. In a gastroscopic study Rouse and 
Patterson ® found multiple foreign bodies which had been missed by 
roentgenogram ; they were thought to be phytobezoars but on explora- 
ory operation were found to be four large greenish bile-stained tablets. 
\ chemical study showed them to be 10 grain tablets of magnesium 
carbonate ; their retention was due to partial pyloric obstructions and 
their intact state probably to an existing achlorhydria. 

\ phytobezoar seen gastroscopically appears as a large smooth 
void mass of dark color, glistening because of its mucous coating and 
usually freely movable. One would expect to find an associated gastric 
ulceration in 23 per cent of the cases, with other evidence of mucosal 
irritation. 

REPORT OF CASI 


History —T. E. S., a 69 year old white man, first seen on March 6, 1939, 


gave a history that in September 1938, while investigating a historic cemetery, he 
appened on a persimmon tree. On an empty stomach he ate a generous quantity 
f the ripe fruit. He took home a supply, from which he ate, a half-hour before 
breakfast, on three successive mornings. (The patient was meticulous in giving 
the foregoing statement.) On the fourth day he began to experience epigastric 
listress, a pain which started to the right of the midline and radiated across the 
abdomen. Subsequently this pain became pestprandial, and was partially relieved 
by alkali and by milk. Numerous physicians were consulted, but no relief was 
btained from any therapeutic regimen. In December 1938 a gastric fluoroscopic 
Ruffin, J. M., and Reeves, R. J.: The Value of Gastroscopy in the Diagnosis 

Phytobezoar, Am. J. Digest. Dis. 5:745, 1939 

5. Patterson, C. O., and Rouse, M. O.: The Clinical Use of the Flexible 
Gastroscope, Texas State J. Med. 39:746, 1939; personal communication to the 


+ 


4 


authors. 
6. Benedict, E. B.: Personal communication to the authors 


Segal, H.: Personal communication to the authors. 
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Fig. 1—Roentgenogram showing the bezcar displaced into the upper portior 
of the stomach by external pressure. 








Fig. 2.—Roentgenogram, taken at the six hour stage of the gastrointestinal 
series, showing the bezoar with typical barium outline. 
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ination revealed what was considered to be abnormal retention cf food and 
m. On the basis of the history a diagnosis of duodenal ulcer with partial 
ic obstruction was made, and the patient was put on a rcutine for ambulatory 
nts with ulcer. Obtaining no relief, the patient became progressively more 
rehensive and of his own volition eliminated various foods frem his diet. 
lost about 10 pounds (4.5 Kg.) in weight during five months. There was no 
ry of nausea, emesis cr melena. 

ramination.—The routine physical examination revealed senile changes, both 
ntal and physical, a thoracotomy scar in the right lower quadrant of the 
rax (from empyema drainage, 1926), basal pulmonary ccngestion with evidence 
pleural changes at the base of the right lung, umbilical and epigastric hernias 


nd slight hepatomegaly 


Fig. 3—Drawing showing the gastroscopic view of the bezoar. 


Urinalysis gave negative results. The blood count and blood chemistry were 
normal, and two Wassermann tests were negative. The ascorbic acid content 
ef the blood was 0.32 mg. per hundred cubic centimeters. Gastric analysis 
showed the total acidity to be 78, with the free hydrochloric acid 58. 

The gastrointestinal roentgenograms cn March 7 revealed within the stomach 
in oval nonopaque mass, approximately 5 by 4.5 cm. in diameter. Fluoroscopic 
examination showed that this barium-coated object was mecbile and could be 
displaced by palpation from the lower portion of the corpus of the stomach well 
up into the cardia. Seccndary ulceration on the lesser curvature in the pyloric 
antrum was suspected, although not definitely established. In six hours the 
stomach was emptied except for the barium which had collected on the walls 
of the intragastric mass. The opinion was expressed that a bezoar existed, although 
the possibility cf a gastric polypus with an unusually long pedicle was considered. 

Gastroscopic Examination—On March 10, a Wolfe-Schindler flexible gastro- 
scope was passed and the interior of the stomach examined. The gastroscope was 





ARCHIVES OF INTERNAL MEDICINE 


introduced just short cf the greatest depth. The pyloric antrum did not 
into view, a dark mass obstructing the field. As the gastroscope was advai 
this object could be seen to move. External pressure was applied over 
stomach at this time; and as the angulus was brought into view, the 
was seen to occupy a position which partially obstructed the view of 
antrum. The foreign body could be studied in detail; it was grayish bl 
irregular in outline, glistening and covered with mucus. A_ brownish pool 
mucus extended from the proximal margin. Sketches were made of the mas 
this position. A mere satisfactory view of the antrum was not possibli 
careful inspection of the remainder of the stomach revealed normal mucosae ex: 
for increased vascularity on the lesser curvature at the angulus. No ulcerat 
were seen. 
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Fig. 4—Photograph of the bezoar. 


A preoperative diagnosis cf a single phytobezoar was made. In preparati 


for surgical treatment the patient was given generous quantities of vitamit 
Mild prostatic symptoms, which developed after he was at rest, were treated b 


urologic consultant. 


Operation.—On March 15, 1939, with the patient under general anesthesia, 


{ 


gastrotomy was performed by Dr. Alton Ochsner through a left upper paramediai 


incision. Preliminary exploration and palpation revealed in the lumen of 


stomach a mass of rocklike consistency, which was freely movable. Examinati 


of the other viscera revealed no abnormality. A small incision was made 


tl 


in 


the midportion of the anterior wall of the stomach at a right angle to the lon 


oO 


axis, and the interior of the stomach was visualized; the foreign body was 


removed intact. No other masses were encountered. The mass had all 


tl} 


visible characteristics of a phytobezoar and measured 4 by 7 cm. Surgical closuré 


was done in the usual manner. 
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irse.—The patient’s postoperative condition was good, and he seemed on 
ay to a successful convalescence when, on the sixth day atter surgical inter 
tion, there was a sudden onset of severe pulmonary symptoms, with a pleural 
it the base of the left lung. Subsequently, frank pneumonitis became evident 


wer this area. Typing of the sputum revealed no specific organisms; sc the 


patient was given sulfapyridine, supplemented by a small transfusion and other 


supportive measures. The need for digitalization was indicated by marked 

cardia with progressive pulmonary edema. Oxygen and stimulants were 
The patient became progressively worse and died on March 27, 

‘athologic Study.—The significant observations at necrepsy, abstracted from 

the pathologist’s report, were as follows: The peritoneum was smooth, glistening 

and grayish pink and showed no evidence of any inflammatory reaction. The 


was somewhat enlarged. The right pleural cavity was obliterated by 


Fig. 5—Drawing showing the stomach as removed at autopsy, with a large 
ulcer on the lesser curvature at the antrum; the surrounding areas of superficial 


erosion are alsc shown. 


fibrous adhesions; the left pleural cavity was partly filled with loose fibrinous 
adhesions. The left lung was partly surrounded by fibrinous adhesions, which 
ere mcst dense around the lower lobe. soth lobes were less crepitant than 
ormal; the lower lobe was partly consolidated. On section, an area of infar« 
tion was found in the lower lobe near the periphery, showing liquefaction. This 
irea measured 8 cm. in length and extended 4 cm. into the parenchyma. The 
surrcunding lung tissue, in both lobes, was markedly congested, showing evidence 
of acute inflammatory reaction. Examination of the pulmonary artery showed 
a rather large thrombus, which partly occluded the vessel; many of the smaller 
blood vessels were filled with thrombi. 

There was a recent scar, 5 cm. long, in the midportion of the stomach, on the 
anterior surface; it had completely healed, with no gastric distortion. When 
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the stomach was opened, there was seen on the lesser curvature, 3 cm. fron 
pyloric valve, an ulcer 2.5 cm. in diameter, which was free of gross evidenc: 
acute inflammatory reaction. There was no evidence of bleeding. The edge of | 
ulcer was nct indurated; the lesion was 0.5 cm. in depth and was disti: 
punched out. 

The bezoar was truly a phytobezoar. Ovoid in shape, it measured 4 by 7 
immediately on remcval but subsequently shrank, as is seen in figure 4. The suriac¢ 
was smooth and black. The mass was hard, firm and compact on removal, but 
after drying it became friable and crumbled readily. Sectioning revealed a heter 
geneous structure of brownish color, consisting of gummy material intersper 
with cellulose fibers, skins and seeds. 


COMMENT 

While earlier writings of Chevalier Jackson and others contained 
references to foreign bodies viewed gastroscopically, no mention was 
made of bezoars until the report of Moersch, in which the more prac- 
tical flexible gastroscope was given credit for his ability to study a 
phytobezoar in situ. The case we are reporting is a typical instance 
of phytobezoar, and our observations correspond with those previously 
reported. From the study of the literature there is evidence that 
bezoars form more readily in the empty stomach in which there is 
adequate acidity. Secondary ulceration along the lesser curvature was 
demonstrated by the roentgenologist and the pathologist but was not 
found by the gastroscopist or by the surgeon. As far as we can determine, 
this is the one hundred and twenty-eighth case of phytobezoar to be 
published; it is the fourth case in which gastroscopic studies were 
carried out. 

The unfortunate death of the patient, due to pneumonitis super 
imposed on infarction, has made available for the literature a com- 
pletely studied case of phytobezoar. As yet, operative removal is the 
only rational therapeutic procedure. At the present time we have no 
additional information to offer as to the formation of these bodies 
Search for a possible means of dissolving them has, of course, been 
stimulated ; but our efforts in this direction have not met with sufficient 
success to be of practical value. 

We favor the term diospyrobezoar, offered by DeBakey for this 
type of phytobezoar (Diospyron being the generic name for the wild 
persimmon ). 

SUMMARY 

Study of the phytobezoar is a relatively new achievement for the 
flexible gastroscope of Wolfe and Schindler. The use of this instru- 
ment may revolutionize time-honored therapeutic principles in the treat 
ment of bezoars as well as of all other intragastric disease, because it 


makes accurate diagnosis possible and the results of therapy may be 


checked by direct vision. 





NAL CALCIFICATION ACCOMPANYING PYLORIC 
\ND HIGH INTESTINAL OBSTRUCTION 


HARRY MARTZ, M.D. 
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fhe purpose of this paper is to call attention to a not infrequent and 
often overlooked pathologic state occurring in patients subjected to a 
loss of gastric or high intestinal secretions over a long period. In medi- 
cal and surgical wards such patients are frequently seen presenting 
symptoms of pyloric or high intestinal obstruction or being subjected to 
continuous gastric or intestinal drainage for the alleviation of distention 
and vomiting. The alarming clinical picture these patients present is fre- 
quently overlooked, and effective treatment of the condition is too often 
lacking. The patients, therefore, are permitted to succumb to a chemical 
acid-base imbalance, with its accompanying impaired renal function. At 
autopsy, they are often found to have extensive and apparently irrepa- 
rable renal calcification. The early institution of proper therapy 
in such cases might often forestall this outcome, for the restoration of 
a proper chemical balance might restore or markedly improve the func- 
tion of the kidneys. It is with the aim of calling attention to the rational 
form of therapy for these patients, and of emphasizing the modus 


operandi of this form of damage to the kidneys, that I present a short 
lescription of calcium metabolism and several cases of this type of renal 


lesion. 
HISTORY 

The first cases of renal calcification associated with prolonged vomit- 
ing, secondary to pyloric stenosis, were described by Nazari* in 1904. 
He studied 2 fatal cases of gastric tetany which developed “over 
the course of a few days,” in both of which autopsy showed calcareous 
deposition in the tubules of the kidneys, especially in the convoluted 
tubules and in the ascending limb of Henle’s loop. Nazari interpreted 
these changes as entirely of toxic origin, though he could not recover 
the noxious element in the blood. 

In 1923, Brown, Eusterman, Hartman and Rowntree? reported 11 
cases of “toxic nephritis” with evidences of renal insufficiency occurring 

From the Surgical Service and Department of Pathology, Cumberland 
Hospital. 

1. Nazari, A.: Renal Changes in Gastric Tetany, Policlinico (sez. med.) 
11:146, 1904. 

2. Brown, G. E.; Eusterman, G. B.; Hartman, H. R., and Rowntree, L. G.: 
Toxic Nepritis in Pyloric and Duodenal Obstruction: Renal Insufficiency Com- 
plicating Gastric Tetany, Arch. Int. Med. 32:425 (Sept.) 1923. 


ane 
3/ 





376 ARCHIVES OF INTERNAL MEDICINE 


as the result of organic obstruction of the pylorus or of the duode: 

In 6 of these cases death occurred, and postmortem examination oj 
kidneys revealed severe “toxic nephritis,” with tubular degeneration 
no changes in the glomeruli. In 5 of these 6 cases deposits of calciun 
were found in the tubular epithelium, which the authors attributed ¢ 
the previous administration of calcium, as a therapeutic measure. Thy 
stated, however, that Bowler had been unable to produce toxic effec 
on the kidneys experimentally by the administration of excessive doses 
of calcium chloride. In all their cases they observed an increase i1 
carbon dioxide-combining power of the blood as well as nonprotei 
nitrogen. 

In 1924, Zeman, Friedman and Mann * reported 4 cases of pylori 
or high duodenal obstruction with vomiting, in which degeneration and 
calcification were present in the cells of the convoluted tubules of the 
kidney, a condition which they termed “toxic degenerative nephrosis.” 
They did not observe “nephritis,” or an inflammatory lesion. In 2 oj 
these cases there was gastric tetany. Three of the 4 patients ha 
received calcium salts, but the authors stated that this had no relatior 
to the existence of renal lesions. They found no deposition of calcium 
in other organs, such as occurs in cases of metastatic calcification and 
they were unable to explain the mechanism of occurrence of the calcifica- 
tion of the kidney. They then tied off the pylorus in 13 cats a 
sustained the animals by subcutaneous injection of 10 per cent dextros 
three times a day, and were able to produce identical renal changes i: 
all the animals. These changes consisted of diffuse tubular degenera- 
tion and calcification of the convoluted tubules and were seen as earl) 
as forty-eight hours after operation. In all these animals there wet 
a rise in the carbon dioxide—combining power and in nonprotein nitroge: 
and a fall in chlorides, but no change in the amount of calcium. 

In 1931, Borst * described a case of duodenal stenosis secondary 
diverticulum and healed ulcer in which the stenosis led to sever 
vomiting of several days’ duration. At autopsy, the patient’s kidneys 
revealed marked degeneration and deposition of calcium in the tubules. 
In 1932, Porges® presented a similar case in which the same renal 
changes were observed in a patient with a duodenal ulcer producing 
stenosis. 

In 1933, Cooke ® reported 6 cases of pyloric obstruction, in 5 


which the condition was due to an ulcer which was producing stenosis ; 


3. Zeman, F. D.; Friedman, W., and Mann, L. T.: Kidney Changes 
Pyloric Obstruction, Proc. New York Path. Soc. 24:41, 1924. 

4. Borst, J. G. G.: Uramie durch Kochsalzmangel, Ztschr. f. klin. Med. 117: 
55, 1931. 

5. Porges, O.: Ueber Coma hypochloraemicum, Klin. Wehnschr. 11: 186, 1932. 

6. Cooke, A. M.: Calcification of the Kidneys in Pyloric Stenosis, Quart 
Med. 2:539, 1933. 
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se 5 cases there were marked degeneration and calcification of the 
al tubules and Henle’s loop. In 3 cases there were manifestations 
tany, and in 2 of these ammonium chloride was administered with- 
vail. Cooke explained these renal changes on the basis of the 
sis which is present in such cases of pyloric obstruction. He did 
iowever, explain how this alkalosis produces damage to the kidneys. 


ompared the lesions in these cases with those in cases of death from 


other causes and was unable to find calcification of the tubules in the 
latter, except in cases of renal tuberculosis and in 1 case of poisoning by 
mercury bichloride. 

Pschilow,’ in 1934, presented a case of duodenal ulcer with stenosis, 

which a gastroenterostomy was performed. After the operation, 
the patient continued to have severe vomiting; marked hypochloremia 
and azotomia developed, and the patient died. At autopsy, the kidneys 
showed marked calcification of the tubular epithelium. 

Gsell,* in 1936, reported 2 cases of pyloric stenosis secondary to 
ulcers, in 1 of which cases a gastroenterostomy was performed and 
postoperative ileus occurred. In both cases considerable damage to the 
kidneys developed, and at autopsy degenerative and calcific changes were 
observed in the kidneys. Gesell attributed the damage in the kidneys to 
the hypochloremia and the deposition of calcium to the alkalosis. 

In 1936, Rohland * reported 4 cases of vomiting of long duration, 
in 3 of which the vomiting was secondary to a gastric ulcer which was 
producing stenosis. In all cases autopsy revealed evidence of “bichloride 
nephrosis,” or calcification of the kidneys, similar to that found in cases 
of mercury bichloride poisoning. These changes he attributed to both the 
hypochloremia and the increase in carbon dioxide-combining power. 
He concluded, therefore, that the “nephrosis” occurring in mercury 
bichloride poisoning was also due to hypochloremia. 

sutler, Wilson and Farber,'® in 1936, described the case of a boy 
with obstruction of the upper part of the intestine secondary to mesen- 
teric thrombosis who showed at necropsy multiple deposits of calcium 
in the tubules of the kidney. They likewise reported 2 cases in which 
infants with histories of prolonged vomiting (with diarrhea in 1 case) 
presented no evidence of alkalosis while under observation, but at 
necropsy showed calcification within the walls of the collecting tubules 
of the kidneys. The authors cited Lightwood, who presented the his- 

7. Tschilow, K.: Nierenschadigung bei Kochsalzmangel, Wien. klin. Wehn- 
schr. 47:1324, 1934. 

8. Gsell, O.: Beitrage zur Hypochloramie: II. Hypochloramische Uramie 
mit Kalknephrose, Helvet. med. acta 3:202, 1936. 

9. Rohland, R.: Ueber hypocloramische Nephrose, Klin. Wehnschr, 15:826. 
1936. 

10. Butler, A. M.; Wilson, J. L., and Farber, S.: Dehydration and Acidosis 
with Calcification of Renal Tubules, J. Pediat, 8:489, 1936 
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tories of 6 infants with gastroenteritis and vomiting in whom si 
deposits of calcium salts within the tubules were observed at autops 
Results of chemical analyses of the blood of these patients wer 
given, 

In 1937, Pérez-Castro,"’ at the Horst-Wessel Hospital, Berl; 
examined the histologic material in 50 cases of pyloric stenosis du 
various causes, but essentially secondary to ulcer or carcinoma. In 5 
of these cases there were definite and typical renal changes. In a control 
series of 50 cases no such renal changes were found. In all the 5 cases 
there were marked hyaline or fatty degeneration of the cells of th 
tubules, both of the convoluted portion and of Henle’s loop, and in 4 
of these cases there were also deposits of calcium in these areas. Hi 
concluded that the changes in the kidney in these cases of pyloric or 
high duodenal obstruction with marked vomiting were due to the hypo 
chloremia secondary to the loss of gastric secretion. He noted similar 
renal changes in the case of mercury bichloride poisoning with hypo 


\ 


1 1n 
which the kidneys showed severe degeneration of the renal tubules but 
no calcification, the patient had received injections of a solution of 
sodium chloride. Pérez-Castro claimed that the early introduction of 


chloremia. In the fifth case, in which there was hypochloremia and 


sodium chloride therapy in this case prevented deposition of calcium, 
for the epithelium of the kidney requires a normal content of chloricd 
for its best function. This is significant, as will be seen subsequently 
He cited Silio-Vicente, who similarly found that because of the pro- 
tective action of the chloride ion, injections of sodium chloride were of 
value in cases of mercury bichloride poisoning. Haden and Orr 

and Gamble and Ross,’* however, found that the increase of chlorides 
in the blood by the administration of acid chloride salts, such as 
ammonium chloride and calcium chloride, did not produce clinical 
improvement in these patients with pyloric stenosis but in fact made 
them worse. 

Anderson,'* in 1939, studied 31 cases of renal calcification occur- 
ring in infancy and childhood. In 7 of these there were histories of 
moderate repeated vomiting, which in 2 instances was due to intestinal 
obstruction. Autopsy revealed particularly severe renal calcification. 
The main deposits were found within the tubules and chiefly in the con- 
voluted tubules of the cortex. 


11. Pérez-Castro, E.: Kalknephrose bei Pfoértner- oder Duodenalstenose, 
Beitr. z. path. Anat. u. z. allg. Path. 99:107, 1937. 

12. Haden, R. L., and Orr, T. G.: Chemical Changes in the Blood of the Dog 
After Pyloric Obstruction, J. Exper. Med. 37:365 and 377, 1923. 

13. Gamble, J. L., and Ross, S. G.: The Factors in the Dehydration Following 
Pyloric Obstruction, J. Clin. Investigation 1:403, 1925. 

14. Anderson, W. A. D.: Renal Calcification in Infancy and Childhood, J 
Pediat. 14:375, 1939. 
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ltogether, then, there have previously been reported 46 cases of 
cation of the kidney secondary to severe and prolonged vomiting. 
ost of these cases, the vomiting was due to a cicatricial ulcer of the 
ich or the duodenum or to a high intestinal obstruction. 


PATHOGENESIS OF CALCIFICATION OF THE KIDNEY 

In order to arrive at an adequate explanation for the occurrence of 
pathologic calcification of the kidney, one has to review briefly the 
metabolism of calcium in the body and the factors which bring about the 
solution and precipitation of calcium. 

Calcium exists in the normal blood serum in a total concentration 
of from 9.0 to 11.5 mg. per hundred cubic centimeters of blood. This 
concentration is fairly constant and is little influenced by exogenous 
factors. The calcium exists in the blood stream in three fractions: 
(1) calcium in combination with protein; (2) calcium as undissociated 
but dissolved salts—calcium bicarbonate, Ca(HCO.,,)., and tricalcium 
phosphate, Ca,(PO,).; (3) calcium as ionized Ca** ions. 

The dissolved calcium salts, as they exist in the presence of sulfate, 
phosphate and carbonate ions in the blood stream, would immediately be 
precipitated in vitro in the presence of these ions. Likewise, water could 
keep in solution only 0.0079 per cent of tricalcium phosphate in the 
presence of alkali carbonates. Yet in the blood stream this salt is 
present in solution in a concentration of from 0.0110 to 0.0130 per 
cent, or an amount twice as great as can be held in an aqueous solution 
in vitro. There are two explanations for this unusual solubility. One is 
the presence of proteins in the blood, which as colloids have the property 
of keeping otherwise insoluble substances in solution or in suspension 
(Holt, La Mer and Chown’*). Because of the extremely small pro- 
portion of calcium in the plasma (1: 10,000) as compared with the con- 
centrations of other substances in the blood, this solution or suspension 
of calcium is extremely unstable and exists in a dilicately balanced con- 
dition, aided by the protective action of the plasma colloids. When the 
total concentration of proteins in the blood diminishes there is a corre- 
sponding reduction in the amount of calcium carried in the blood stream. 
The second physicochemical factor to account for the relatively high 
concentration of soluble calcium salts is the presence of carbon dioxide, 
which exists in considerable concentration in the plasma. The relation 
between the salts of tricalcium phosphate and those of carbonic acid was 
shown some time ago by Howland "* in the following formula: 


Cas(PO;)2 2H2COs—2CaHPO;: + Ca(HCOs)s —22Cat+ + 2HPO, + Cat+ 2HCO; 


15. Holt, L. E., Jr.; La Mer, V. K., and Chown, H. B.: Studies in Calcifica- 
tion: I. The Solubility Product of Secondary and Tertiary Calcium Phosphate 
Under Various Conditions, J. Biol. Chem. 64:509, 1925. 

16. Howland, J.: Etiology and Pathogenesis of Rickets, in Harvey Lectures, 
1922-1923, Baltimore, Williams & Wilkins Company, 1923, vol. 18, p. 189. 
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Or, if expressed in another way, “if calcium phosphate is exposi 

the action of carbonic acid, an equilibrium is established bety 
dicalcium phosphate and calcium bicarbonate, and between 
and calcium ions, HPO, ions and HCO, ions.” Because of the 1 
tively high concentration of carbon dioxide normally present in the 
blood stream, the calcium phosphate remains dissolved and dissociated, 
and the equation is “pushed to the right.””, When, however, the carbon 
dioxide tension in this solution is reduced, a reversal of this process 
takes place and tricalcium phosphate is precipitated. This reduction of 
the carbon dioxide tension in a solution containing HCO, ions is 
equivalent to decreasing the hydrogen ion concentration, that is, to 
making the solution more alkaline. 

Another factor which may bring about precipitation of calcium is 
the presence of an excessive concentration of either calcium or phos- 
phorus in the presence of otherwise normal conditions. Because of the 
low solubility of tricalcium phosphate, the serum is normally saturated 
with this substance. Any excess of either ion, therefore, leads to the 
immediate removal of the other ion, either by excretion or by precipita 
tion. If the excess is not removed from the blood stream by excretion, 
precipitation occurs. 

Calcium, therefore, is capable of being precipitated by one of several 
factors, namely, increase of the alkalinity of the blood, reduction in the 
protein or the carbon dioxide content and changes in the quantity or 
composition of the calcium salts. 

After this brief summary of the metabolism of calcium and of its 
transport in the blood, an attempt may be made to explain the condition 


of pathologic calcification. The calcium present in the kidney in the 


types of pathologic calcification under consideration exists in two forms, 
namely, precipitates of tricalcium phosphate and those of calcium bicar- 
bonate. The presence of the latter was demonstrated easily by 
Nazari,! who showed that the addition of hydrochloric acid to these 
calcareous substances dissolved them, with the emission of bubbles of 
carbon dioxide. 

Now, what is the method of deposition of these calcium salts in the 
substance of kidney? This condition may occur in the presence of a 
high concentration of calcium in the blood, such as is seen in diseases 
of bones, as well as in the presence of a normal concentration of 
calcium. Wells ?' termed the condition occurring with high concentra- 
tion “metastatic calcification.” In this type of calcification there is an 
oversaturation of the blood with calcium due to the presence of decalcify- 
ing lesions of the bones, and the calcium is found to be precipitated in 
various organs. The organs in which this precipitation most frequently 


17. Wells, H. G.: Chemical Pathology, Philadelphia, W. B. Saunders Com- 
pany, 1925, p. 486. 
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occurs are the lungs, the stomach and the kidneys. In all these organs 
there appears to be the common factor of excretion of acids into their 
cavities. This loss of acid substances leaves the intracellular fluids 
in the substance of the organ correspondingly alkaline. It is this 
increased alkalinity of the fluid in the presence of saturation with 
calcium which causes precipitation of the calcium from the blood stream. 
The increase in alkalinity makes the calcium salts much less soluble. 
Under normal conditions the amount of calcium circulating in the blood 
is too small to be precipitated in this way, but when the blood is saturated 
with calcium because of absorption from the bones, the increased 
alkalinity of the blood is apparently sufficient to bring about the 
deposition of calcium in the tissues mentioned. In the stomach the 
precipitation occurs between the glands of the parietal cells, or acid- 
secreting cells. In the lungs, the carbon dioxide is removed from the 
blood, and precipitation of calcium occurs, for the carbon dioxide is an 
important factor in keeping these calcium salts in solution in the blood. 
In the kidney, there is similarly a loss of acid substances in the form of 
phosphates, sulfates and organic acids, and this leaves the tissue fluids 
more alkaline. In the presence of the increased alkalinity in these loca- 
tions, associated with saturation of the blood with calcium, the calcium 
is precipitated in the substance of these organs, leading to so-called 
metastatic calcification. 

Now, what is the mode of occurrence of calcification of the kidney 
in the presence of a normal concentration of calcium in the blood, such as 
appears in these cases of pyloric obstruction? MacCallum '* has shown 
experimentally and Ross '* clinically that the calcium of the blood may 
exist in normal concentration in cases of pyloric obstruction. In such 
cases one might attempt to explain the calcification by one of two 
methods. First, one might explain it by necrosis of the cells of the 
kidney with subsequent precipitation of calcium salts in these cells. This 
process, however, is slow and progresses over a long period. Wells, 
Holmes and Henry *° produced this condition experimentally by pro- 


longed ligation of the renal artery, which subsequently led to injury and 


to deposition of calcium carbonate in the stroma of the kidney. Here, 
again, it was the low concentration of carbon dioxide in the necrotic 
cells and their increased alkalinity which brought about the deposition of 
calcium in these locations. It is probably by this method that calcifica- 
tion occurs in the old caseous tubercle or in cases of mercury bichloride 


18. MacCallum, W. G.; Lintz, J.; Vermilye, H. N.; Leggett, T. H., and Boas, 
E.: Effect of Pyloric Obstruction in Relation to Gastric Tetany, Bull. Johns 
Hopkins Hosp. 31:1, 1920. 

19. Ross, S. G.: Observations on Tetany, Canad. M. A. J. 13:97, 1923. 

20. Wells, H. G.; Holmes, H. F., and Henry, G. R.: Studies on Calcification 
and Ossification, J. M. Research 25:373, 1911. 
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poisoning of long standing. In such conditions there is marked dest: i 
tion of the parenchyma of the kidney with subsequent calcification 
This necrosis of kidney cells would not explain calcification in cases of 
pyloric obstruction, for here the calcification may come on acutely 
within forty-eight hours, and though there is microscopic evidence oj 
degeneration of the tubular epithelium of the kidney, the calcification 
is apparently limited to specific portions of this tubular epithelium 

The explanation for the occurrence of calcification of the kidney 
is the severe alkalosis present in cases of pyloric or high intestinal 
obstruction. It has been shown frequently, both clinically and experi- 
mentally, that the loss of chlorides in the vomitus in cases of pyloric or 
high intestinal obstruction brings about an increase in bicarbonate ions 
of the blood, or alkalosis. It is this increased alkalinity of the blood 
which leads to the picture of so-called gastric tetany, for in the presence 
of alkalosis there is a diminution in the amount of available calcium 
ions, leading to relative hypocalcemia and its accompanying tetany. 

Sut why is the calcification limited to certain areas of the kidney in 
these cases of excessive alkalosis, and why are other organs not 
involved? In the presence of alkalosis there are diminution in respira- 
tion and at times periods of complete apnea, in an attempt to elevate the 
carbon dioxide content of the blood and to overcome the alkalosis (Hart- 
mann and Smyth*!). There is therefore a diminished exchange of 
carbon dioxide across the alveolar walls, in an attempt to prevent exces- 
sive alkalosis of the tissues. Similarly, in the stomach, in the presence 
of a prolonged pyloric obstruction, a diminishing amount of hydrochloric 
acid is secreted into its lumen, in an attempt to maintain the chloride 
content of the blood. In the kidney, however, the picture appears to be 
entirely different. In spite of the presence of severe alkalosis caused 
by a prolonged pyloric obstruction, a strongly acid urine may continue 
to be secreted. It is on this factor that the calcification of the 
parenchyma of the kidney depends. 


The secretion of an acid urine in these cases of prolonged pyloric 
obstruction is an attempt to conserve fixed base, such as sodium, of 
which there is a diminished concentration in the blood (Gamble and 


22 


Ross,** Hastings, Murray and Murray,*? and Ross**). Early in 
these cases of pyloric obstruction there is a compensatory excretion of 
base in the urine, such as occurs with an “alkaline tide” following the 
ingestion of a meal. Later, however, there is a deficit in base because of 
the continued loss of water and alkali in the vomitus. Gamble and Ross 


21. Hartmann, A. F., and Smyth, F. S.: Chemical Changes in Body Occurring 
as the Result of Vomiting, Am. J. Dis. Child. 32:1 (July) 1926. 

22. Hastings, A. B.; Murray, C. D., and Murray, H. A., Jr.: Certain Chemical 
Changes in the Blood After Pyloric Obstruction in Dogs, J. Biol. Chem. 46:223, 
1921. 
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| that sodium was lost in the vomitus to an extent of more than 
ihe equivalent of the chloride loss. They found that after prolonged 
uction the contents of the stomach became decidedly alkaline, 
ad of acid. The dehydration accompanying the loss of extracellular 
, in these cases of pyloric obstruction, together with the associated 
vation, also leads to lowering of the sodium content of the plasma. 
Likewise, the impaired renal function, due to the extrarenal deviation 
of the water, as evidenced by the rise in nonprotein nitrogenous products 
in the blood, leads to impaired production of ammonia by the kidneys. 
The body, then, has to lose fixed base in an attempt to neutralize the 
acids of the urine. All of these factors, therefore, lead to a diminution 
in the total base of the blood in these cases of pyloric obstruction of 
long duration. This fall in total base may bring its concentration to 
below 10 per cent of its normal minimum (Gamble and Ross,'* Haden 
and Orr **). In an attempt to conserve the base for the body in such 


TaBLeE 1.—Secretion of Acid Urine in the Presence of Severe Alkalosis During 
Experimental Pyloric Obstruction in the Dog (Gamble and Ross 13) 
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* Specimen 4 was collected during the period of administration of 1,600 cc. of a 0.9 per cent 
solution of sodium chloride. 


cases, the urine becomes distinctly acid. Maintenance of this acidity of 
the urine is aided by the increased excretion of organic acids, sulfates 
and phosphates, which tend to accumulate in the blood in cases of 
pyloric obstruction. 

That this secretion of an acid urine in the presence of severe alkalosis 
occurs is evident in table 1. 

After the administration of sodium chloride, the surplus of sodium 
over chloride presenting for excretion is conveyed into the urine as 
bicarbonate, making the urine alkaline. This removal of bicarbonate 
from the blood causes a fall in the carbon dioxide-combining power, 
as does the retention of the chloride ion to replace the low chloride 
content of the blood. The replacement of the low sodium content of the 
blood and the consequent increase in volume of body fluids help to 
support the animal and to maintain its weight and vigor. The admin- 
istration of acid salts, such as ammonium chloride and calcium chloride, 


23. Haden, R. L., and Orr, T. G.: The Sodium Content of the Blood of the 
Dog After Experimental Intestinal Obstruction, J. Exper. Med. 41:119, 1925. 
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has been shown by Haden and Orr '? and by Gamble and Ross ** ; 
harmful rather than beneficial. These substances, by reason of 
diuretic action, cause a further loss of sodium which they do not replace, 
and a further secretion of an acid urine in copious quantity. The animal, 
therefore, continues to lose body fluids and dies, in spite of the increase 
in the chloride content of the blood, the decrease in the carbon dioxide- 
combining power and parenteral administration of fluids. 

That such an acid urine occurs clinically in cases of severe alkalosis 
secondary to pyloric obstruction is evident from an examination of the 
reported cases in which a record was made of the reaction of the urine 
In Brown’s* cases 2 and 10 the reaction of the urine was recorded as 
“acid.” Hartmann and Smyth,”! in their study of the chemical changes 
occurring as the result of vomiting, found the urine to be distinctly acid 
on admission in 4 cases, in spite of the presence of excessive alkalosis of 
the blood. When the 4 patients were treated with injections of sodium 
chloride, the urine became alkaline and the patients recovered. In 
Cooke’s ® series of cases of renal calcinosis, the reaction of the urine 
was alkaline in cases 1 and 6 until the patients were given injections 
of ammonium chloride, after which it became acid. These patients 
died and at autopsy were found to have extensive calcification. 
Similarly, Butler, Wilson and Farber '° found acid urines in the cases 
of 2 infants with symptoms of prolonged vomiting, in whom autopsy 


™ reported 7 


showed extensive calcification of the kidneys. Anderson 


cases in which there were histories of moderately repeated vomiting 
and autopsy revealed calcification of the kidneys. In 3 of these cases 
the reaction of the urine was acid. In my own series, an acid reaction 
was present in the first case, in spite of the presence of severe alkalosis 
of the blood. 

It is this secretion of an acid urine in the presence of severe alkalosis 
which makes the cell fluids of the kidney even more alkaline and causes a 
precipitation of calcium salts. Continued secretion of urine is necessary 
to bring about this precipitation of calcium in the substance of the 
kidney. That this is true was shown by Wells, Holmes and Henry.” 
They found that ligation of the renal artery over a prolonged period led 
to injury and calcification of the stroma of the kidney. Ligation of the 
ureter with the production of anemia of the kidney at the same time 
caused a much smaller amount of calcification. The authors obtained 
similar results by producing experimental necrosis of renal cells with 
mercury bichloride. They concluded that this was due to a decreas 
ing secretion of urine by the kidney. Therefore, this further increase 
in alkalinity of the kidney cells, by reason of the continued secretion 
of an acid urine, is necessary for the precipitation of calcium in the 
substance of the kidney. 
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it why is the renal calcification limited to the convoluted tubules 
» Henle’s loop, as was found originally by Nazari* and frequently 
intiated thereafter? The glomeruli are entirely free. Stieglitz ** 
nstrated by the use of dyes that when the normal kidney is 
ting an acid urine the cells of the parenchymatous tubules, of both 
roximal and the distal convoluted tubules and of the loops of Henle, 
are alkaline in reaction. It is perhaps in these locations that there is 
either an active secretion of acid substances, such as sulfates and phos- 


phates, into the urine by the tubular cells or a reabsorption of base from 


the tubular fluid. Richards ** cited Montgomery and Pierce, who found 
by injecting dyes directly into the distal tubules that the cells which are 
responsible for the acidification of urine are localized in a region 
corresponding roughly to the middle third of the distal tubule. It is, 
therefore, in these locations that there is the greatest increase in 
alkalinity of the fluids within the tubular epithelium by reason of their 
sudden loss of acids or gain in alkaline salts. Therefore, the further 
and marked increase in alkalinity in these locations brings about a pre- 
cipitation of the calcium from the blood and the production of interstitial 
calcinosis. 
REPORT OF CASES 

Case 1—F. V. R., a 37 year old man, a Puerto Rican, was admitted to the 
medical service of the Cumberland Hospital on Dec. 31, 1937, with a history of 
gastric distress and occasional vomiting after meals for the past fifteen years. 
One year before admission he had been at the Mount Sinai Hospital in New York, 
where a series of roentgenograms of the gastrointestinal tract revealed the pres 
ence of a benign lesion, probably a cicatrizing ulcer, which was causing stenosis 
at or near the pylorus. At that time he was placed on a milk and cream diet and 
was well until six months before admission, when he no longer adhered to his diet. 
Gastric distress and vomiting returned, for which he took alkalis, with some 
relief. The vomiting became persistent four days prior to admission. On the day 
of admission he had spasms of the arms and legs. 

Physical examination on admission revealed carpopedal spasm, positive Trous- 
seau and Chvostek signs and marked muscular tenderness with spasm on stimula- 
tion of the muscle. 

Laboratory examination revealed: white blood cells, 22,400, with 71 per cent 
polymorphonuclears; red blood cells, 3,050,000; carbon dioxide, 108 volumes per 
cent; calcium, 12 mg. per hundred cubic centimeters; phosphorus, 8.1 mg.; urea 
nitrogen, 52.6 mg., and chlorides, 385 mg. The Wassermann reaction of the blood 
was negative. 

The patient was treated for his alkalosis and tetany with intravenous and sub- 
cutaneous injections of saline solutions. His acute condition improved, but he 
continued to vomit copiously, the vomitus being occasionally of coffee ground 
type. The carbon dioxide—combining power of the blood decreased to 88 volumes 
per cent; the blood chlorides rose to 440 mg. per hundred cubic centimeters, and 

24. Stieglitz, E. J.: Histologic Hydrogen-Ion Studies of the Kidney, Arch. Int 
Med. 33:483 (April) 1924. 

25. Richards, A. N.: Physiology of the Kidney, Bull. New York Acad. Med. 
14:5, 1938. 
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he appeared relatively comfortable. However, during the time of treatme: 
amount of urea nitrogen ranged between 41 and 72 mg. per hundred cubic cent 
meters, and a renal function test showed fixation of specific gravity at 1.010, with 
compensatory polyuria. A series of roentgenograms of the gastrointestinal tract 
revealed the presence of a pyloric obstruction, with “soup bowl” stomach. Opera- 
tive intervention seemed to be the only treatment for his condition. He was ther 
fore prepared with transfusions and parenteral administration of fluids fo: 
period of two weeks, and was then transferred to the surgical service. 

The operation was performed on January 17, after a transfusion of 500 cc. of 
citrated blood. Gastric resection with duodenal exclusion and a Polya gastro- 
jejunostomy were performed. 

Immediately after the operation the patient’s condition was good. Continuous 
Wangensteen suction was instituted after he showed response, and remained in 
place for forty-eight hours, draining some bile and intestinal secretion but nm 
blood. Fluids were forced parenterally. On the third day the patient began to 


TaBLe 2.—Laboratory Data in a Case of Gastric Tetany and Alkalosis Associated 
with Pyloric Obstruction and Renal Calcinosis 








Cal- Phos- Urea Chlo- Crea- Albu- Glob- 
cium, phorus, Carbon Nitrogen, rides, tine, min, ulin, 
Mg. per Mg. per Dioxide, Mg. per Mg. per Mg. per Mg. per Mg. per Icteric 
Date 100 Ce. 100Ce. Vol.% 100Ce. 100Ce. 100Ce. 100 Ce. 100 Ce. Index 


12/81/37 12.0 8.1 108 

1/ 2/38 bie +o 88, 68 52. 885 4.0 

1/ 4/38 as dan “2 . nee 5.0 

1/ 6/38 sti a d eck 3.6 12.3 
sie i ea juke 440 (van den Bergh's 
nvee vee g test positive) 
10.0 13.7 3 2. 364 indirect 


core ere doce 244 


370 
450 





The specimens of urine on January 4, 11, 20 and 21 were acid. 


complain of epigastric pains but did not have nausea or vomiting. His abdomen 
was distended, and a low enema of soapsuds and oil was ineffectual. The dis- 
tention yielded, however, to Wangensteen suction and the Harris drip. The 
operative wound was clean and showed no evidence of evisceration. The tem- 
perature at this time was 103 F., with the pulse rate in proportion. The following 
(fourth postoperative) day the temperature fell slightly, but the pulse rose t 
between 120 and 140 a minute and was weak. He appeared dehydrated and 
anxious and complained of thirst despite a seemingly adequate intake of fluid, 
of 3,500 to 4,000 cc. per day. Respirations were rapid. His abdomen became 
distended and was tender throughout, though more so in the right lower quadrant 
Laboratory examination revealed 99 mg. of sugar and 14 mg. of urea nitrogen 
per hundred cubic centimeters of blood and a carbon dioxide-combining power 
of 41 volumes per cent. He was given a transfusion of 250 cc. of citrated blood, 
but his pulse rate remained elevated at 140 a minute, and the quality was weak 
His abdomen remained distended. He died on the fifth day after operation. 
Autopsy—Postmortem examination revealed generalized purulent peritonitis 
secondary to leakage of intestinal contents through the sutured duodenal stump, 
which contained an acute necrotic ulcer. Both kidneys showed an extensive peri- 
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lar deposition of calcium in the vicinity of the convoluted as well as of the 
cting tubules, a deposit which in some areas reached large proportions. The 
calcium was located immediately beneath the tubular epithelium, between the 
ca propria and the epithelial cells of the tubules, and not in the capillaries. 
rest of the kidneys showed cloudy swelling. The glomeruli were intact; 
there was no inflammatory infiltrate and no abnormality in the blood vessels. 
Comment.—lIn this case were shown the classic signs of gastric tetany 
in the presence of alkalosis due to prolonged vomiting and secondary to 
a pyloric obstruction. Throughout most of the preoperative period, 
the patient’s carbon dioxide-combining power was distinctly above 
normal, and the urea nitrogen was markedly and constantly elevated 
in spite of an apparently sufficient preoperative intake of fluid. This 
intake seemed inadequate, however, for in spite of the apparent alka- 


losis the patient secreted an acid urine and had a low content of 


chlorides and a retention of nitrogen in the blood. It was this acid 
urine in the presence of alkalosis that accounted for the universal 
renal calcinosis and its associated poor renal function. 


Case 2.—P. G., a 49 year old white man, was admitted to the hospital on 
Jan. 17, 1938, with a history of epigastric and substernal pains for one and a half 
years, and of a loss in weight of 22 pounds (10 Kg.) during this period, chiefly 
from dietary restrictions. These pains had increased during the week previous 
to admission. He had vomited persistently during the previous two days. 

Physical examination on admission revealed that the patient was chronically 
ill, with moderate distention of the upper part of the abdomen. The edge of the 
liver was palpable just below the costal margin, but was not nodular. Reducible 
inguinal hernia was present bilaterally. A series of gastrointestinal roentgeno 
grams revealed a juxtapyloric duodenal ulcer with partial obstruction. Analysis 
of the gastric contents revealed a normal quantity of hydrochloric acid and the 
presence of blood. The stools gave a positive reaction for occult blood. The 
Wassermann reaction of the blood was negative. 

The patient was treated conservatively for three and a half weeks and 
secured only partial relief with alkalis and the Sippy diet. 

Operation on February 9 revealed a “pre- and postpyloric mass involving the 
stomach, pancreas and adjacent lymph glands.” Soft glands were palpated in the 
gastrohepatic and the gastrocolic omentum. A posterior gastroenterostomy was 
performed. 

The patient’s condition immediately after the operation was good. About five 
hours later he complained of a severe, sharp pain in the abdomen, radiating from 
the right flank medially to the right upper quadrant and the epigastrium. He 
became anxious and worried. His abdomen was moderately firm and tender, with 
no specific points of maximal tenderness. 

On the first day after operation his temperature rose to 104 F., and his pulse 
rate was 120 a minute. The respiratory rate was 30 a minute and breathing was 
deep and laborious. No abnormal signs were found in his chest. His abdomen 
was moderately firm, but not especially tender. Examination of his chest with a 
portable roentgenographic apparatus showed nothing abnormal. The following day 
his condition remained unchanged. His temperature was 103.2 F. His abdomen 
was moderately distended and was tender in the right lower quadrant. On the third 
postoperative day his temperature was 102 F. Chemical examination of the blood 
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revealed urea nitrogen, 34 mg.; sugar, 156.2 mg., and chlorides 625.0 mg., 
hundred cubic centimeters. On the fourth postoperative day he was toxic 
drowsy. The lower part of his abdomen was distended and tympanitic. He \ 
given a transfusion of blood, fluids by parenteral injection, sedatives and a Har: 
drip. Chemical analysis of the blood at this time revealed the carbon dioxic 
combining power of the blood to be 38 volumes per cent and the creatine content 
1.5 mg. per hundred cubic centimeters. 

On the fifth postoperative day examination of his chest showed impairment 
of percussion note in the right axilla and in the bases of both lungs, with numerous 
adventitious sounds. There was increased distention of the lower portion of the 
abdomen. On medical consultation, evidences of consolidation of the bases of 
both lungs were found, and use of the oxygen tent was advised. On the sixth 
day roentgenograms of the chest revealed evidence of infiltration at the bases of 
both lungs. He became increasingly cyanotic, psychotic and restless and died on 
the seventh postoperative day. 

Autopsy.—Postmortem examination revealed generalized purulent peritonitis 
secondary to a perforating chronic duodenal ulcer. There was no evidence of any 
leakage through the gastro-enterostomy stoma. There was bilateral hypostatic 


TaBLe 3.—Laboratory Data in a Second Case of Renal Calcification Accompanying 


Urea Nitrogen, Creatine, Sugar, Chlorides, Carbon Dioxide, 
Mg. per 100 Ce. Mg. per 100 Ce. Mg. per 100 Ce. Mg. per 100 Ce. Vol. per Cent 
34.0 oe 156.2 625 
38 


16.3 save 650 42 





* The urine on January 18 was alkaline, with triple phosphate crystals, on January 2 
alkaline and on January 31 neutral. 


pneumonia. Both kidneys showed extensive peritubular deposits of calcium within 
the parenchyma of the cortex. In some areas the calcium had broken through 
the tubules into the lumen. 

Comment.—In this case, although there was a history of persistent 
vomiting of several days’ duration prior to operation, determination of 
the chemical constituents of the blood was,not made during this period. 
Postoperatively the patient showed some retention of urea nitrogen in 
the blood, probably secondary to the extensive renal calcinosis found at 
autopsy. In this case there may have been the same changes in the 
blood as were present in the first case, but no proof could be had, for 


preoperative chemical determinations were not performed. The renal 


damage, however, was of the same character and almost of the same 
magnitude as that in the first case. 


Case 3.—W. C., a 68 year old white man, was admitted to the Cumberland 
Hospital on Feb. 10, 1938, with the history of persistent vomiting, cramplike 
abdominal pains and obstipation of ten days’ duration. 

Physical examination on admission revealed that the patient appeared chroni- 
cally ill and anemic and showed evidences of severe loss of weight. Examination 
of his abdomen showed it to be moderately distended, soft and tympanitic through 
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with peristalsis visible through the abdominal wall. His temperature was 

F. The urine was acid in reaction and showed a faint trace of albumin 

blood count revealed a hemoglobin content of 65 per cent, red blood cells 
4500,000 and white blood cells 12,600, with 87 per cent polymorphonuclears. <A 

roentgenogram of the abdomen revealed the presence of fluid levels and marked 
jistention of the coils of the colon and small intestine. 

[he patient was treated conservatively for twelve hours with gastric lavage 
ind clysis, with no evident improvement. 

On the day after admission, operation with the area under local anesthesia 
revealed marked distention of the loops of the small intestine and a malignaut 
growth in the midjejunum, which was the cause of the obstruction. <A side to 
side anastomosis was performed, and the patient was given a transfusion. Flis 
condition immediately after the operation was good. He passed gas and fecal 
contents through the anus. Two days later, however, his abdomen became dis 
tended and his general condition poor. Subsequently, on the fifth postoperative 
day, there developed painful parotitis on the left side and signs of pneumonia 


Tas_eE 4.—Laboratory Data in a Third Case of Renal Calcification Accompanyin 
High Intestinal Obstruction * 


Sugar, Urea Nitrogen, Chlorides, Cholesterol, 
Mg. per 100 Ce. Mg. per 100 Ce. Mg. per 100 C« Mg. per 100 C¢ 


159.4 36 on 14 
voce 14,2 640 


* The urine on February 10 was acid, with a faint trace of albumin, and on February | 
alkaline, with a negative reaction for albumin. 


in the right lung. On the twelfth postoperative day, his abdomen became markedly 
distended and tender, and enemas were ineffectual. The patient became cold and 
cyanotic; his pulse became imperceptible, and he died. 

Autopsy.—Postmortem examination revealed a carcinoma of the jejunum and 
the jejunojejunostomy stoma, with an intussusception of the distal loop of the 
jejunum into the proximal loop, carrying with it the growth and enterostomy 
stoma. There was generalized peritonitis, secondary to a perforation found in 
the jejunum, cultures from which revealed Bacillus welchii, Bacillus coli and 
a nonhemolytic streptococcus. There was evidence of renal calcinosis in both 
kidneys, extratubular in distribution. There were several atrophic tubules and 
hyalinized glomeruli with areas of lymphocytic infiltrate in the cortex. There 
was some thickening of the arterioles. 

Comment.—In this case, too, the patient had persistent vomiting of 
ten days’ duration but determination was not made of the carbon dioxide 
combining power of the blood. The urine, however, was acid in reaction 
on admission, and there was evidence of retention of urea nitrogen. 
Subsequently secondary intestinal obstruction developed, due to the post- 
operative intussusception of the enterostomy stoma, and the patient 


continued to vomit. Autopsy showed fairly extensive peritubular 
calcification in both kidneys. 
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I. DISEASES OF METABOLISM 
By Dr. Witper AND Dr. BrowNeE 
DIABETES MELLITUS 

Genesis.—(a) Pituitary Gland and Carbohydrate Metabolism: In 
last year’s review * attention was directed to the significance of Young’s 
production of permanent diabetes in dogs by repeated injections of crude 
extracts of anterior lobes of beef pituitaries for a long period. This 
work, together with the more significant literature that bears on the rela- 
tion of the anterior lobe of the pituitary to carbohydrate metabolism, 
is reviewed by Young? in a readable paper which he gave before the 
section of physiology at the annual meeting (1939) of the British 
Medical Association. A tentative general conclusion from experiments 
of Long, Russell, Bennett * and others assigns to the secretion of the 
anterior lobe of the pituitary a depressive action on the oxidation of 
carbohydrate in the muscles and promotion of glycogen storage. Since 
the storage of glycogen can be promoted also by crystalline adreno- 

From the Division of Medicine, the Mayo Clinic 

1. Wilder, R. M.; Rutledge, D. I., and Wilbur, D. L.: Diseases of Metab- 
olism and Nutrition; Review of Certain Recent Contributions, Arch. Int. Med. 
63 : 356-427 (Feb.) 1939. 

2. Young, F. G.: The Relation of the Anterior Pituitary Gland to Carbo- 
hydrate Metabolism, Brit. M. J. 2:393-396 (Aug. 19) 1939. 

3. Long, Russell and Bennett, cited by Young.2 Long, C. N. H.: Influence 
of Pituitary and Adrenal Glands upon Pancreatic Diabetes, Medicine 16:215-247 
(Sept.) 1937. Russell, J. A., and Bennett, L. L.: Maintenance of Carbohydrate 
Levels in Fasted Hypophysectomized Rats Treated with Anterior Pituitary 
Extracts, Proc. Soc. Exper. Biol. & Med. 34:406-409 (May) 1936. 
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cori cal substances,* the suggestion is made that this pituitary effect is 
mediated by stimulation of the adrenal cortex. Corey * reported that 
administration of corticoadrenal extract to fasting hypophysectomized 
rats will restore to normal the values for blood sugar and those for 
liver and muscle glycogen. This also attests to the operation of the 
hypophysis through the adrenal cortex in its effect on carbohydrate 
metabolism. However, Fry, Long and Ritter,® with adrenalectomized, 
depancreatized rats in which glycosuria was maintained at a constant 
level by daily oral administration of adrenocortical extract, found that 
injection of anterior pituitary extract increased the glycosuria. This 
they interpreted to indicate that the anterior portion of the pituitary 
influences carbohydrate metabolism not only through the action of an 
adrenotropic factor but also through an effect exerted by another factor 
(or factors) acting directly on the tissues. 

Che claim of Anselmino, Herold and Hoffman? that the administra- 
tion of a certain fraction of anterior pituitary extract to normal rats 
resulted in a few days in a substantial increase in the number and size 
of the islands of Langerhans and that this established the presence of 
a pancreatropic hormone among the secretions of the pituitary is not 
acceptable. With Richardson, Young? had confirmed the observation 
that crude pituitary extracts injected into rats increased the amount of 
island tissue in the pancreas, and later, with Marks, Young? showed 
that the amount of insulin in the pancreas of the rat so treated was 
greatly increased. The rat, unlike the dog, could not be made diabetic 
by injections of pituitary extracts, and the explanation of the hyper- 
trophy of the islands seems to lie in the capacity of the island tissue of 
this species to hypertrophy rapidly and to increase its function in 
response to the increased demand for insulin created by the injections 
of pituitary extracts. Even in dogs the response to long-continued 
treatment with pituitary extracts is irregular. Some dogs cannot be 
made diabetic by this means, as has been noted not only by Young? 
but by those who have repeated his experiments. 

The ketogenic activity of the anterior lobe of the pituitary has 
received much attention since Burn and Ling § fed cats fat and observed 

4. Long, C. N. H., and Katzin, B.: Effect of Adrenal Cortical Hormone on 
Carbohydrate Stores of Fasted Hypophysectomized Rats, Proc. Soc. -Exper. Biol. 
& Med. 38:516-518 (May) 1938. 

5. Corey, E. L.: | Hypophyso-Adrenal Synergy and Carbohydrate Metabolism, 
Am. J. Physiol. 126:470 (July) 1939. 

6. Fry, E. G.; Long, C. N. H., and Ritter, H. B.: The Aggravation of 
Pancreatic Diabetes by Adrenal Cortical Extract, Am. J. Physiol. 126:497 (July) 
1939, 

7. Anselmino, K. J.; Herold, L., and Hoffman, F.: Ueber die pankreatrope 
Wirkung yon Hypophysenvorderlappenextrakten, Klin. Wehnschr. 12:1245-1247 
(Aug. 12) 1933; cited by Young. 


(Footnotes continued on next page) 
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excretion of ketone bodies when anterior pituitary extract was injected 
The ketosis, as was shown by Best and Campbell,®°.may be accompanied 
by the development of a fatty liver at the expense apparently of the 
fat depots of the body. It also was established satisfactorily that the 


ketosis of depancreatized dogs could be diminished by hypophysectomy, 


and thus it appeared that the secretions of the anterior lobe of th: 
pituitary play a part in the production of ketosis. How this is accom 
plished remains uncertain, but from what follows it seems unlikely that 
a special pituitary hormone, a regulator of fat metabolism, is involved, 
Anselmino and Hoffman ’® had claimed success in separating a “fat 
metabolism hormone” from pituitary extracts, but in Young’s opinion 
ketosis can be explained more simply by the general effects on metabolism 
of secretions of the anterior lobe of the pituitary, namely, the decreased 
oxidation of carbohydrate and the decreased catabolism of protein 
These effects throw the burden of supporting necessary heat productio 
on fat stores, and at the same time, by the thyrotropic effect of th 
pituitary extracts, the rate of heat production is increased. This view 
is held also by Shipley and Long*'! who were unable to confirm th: 
work of Anselmino and Hoffman. Comparative assays of the various 
fractions of anterior pituitary extracts indicated that ketogenic activity 
accompanied the fractions containing growth and diabetogenic hormones 
They commented on their results as follows: 

The practice of assuming that the multiple effects of anterior pituitary extracts 
upon metabolism are due to separate hormones does not seem desirable in th 
absence of any chemical evidence that this is the case. On the contrary, a con- 
sideration of the known facts of metabolism indicates that some of the alterations 
produced by the injection of anterior pituitary extracts may be regarded as 
secondary consequences of their action. Among these we suggest the production 
of ketosis may be included. 

A graphic presentation of the interplay of the endocrine glands in 
carbohydrate metabolism was contributed by Roger ** (figure). G. H 


8. Burn, J. H., and Ling, H. W.: Ketonuria in Rats on a Fat Diet: (a) 
After Injections of Pituitary (Anterior Lobe) Extract; (”) During Pregnancy, 
J. Physiol. 69:xix, 1930. 

9. Best, C. H., and Campbell, J.: Effect of Anterior Pituitary Extracts on 
Liver Fat of Various Animals, J. Physiol. 92:91-110 (Feb. 16) 1938. 

10. Anselmino, K. J., and Hoffman, F.: Das Fettstoffwechselhormon des 
Hypophysenvorderlappens: I. Nachweis, Darstellung und Eigenschaften des Hor- 
mons, Klin. Wcehnschr. 10:2380-2386 (Dec.) 1931; Zur Darstellung des Fettstoff- 
wechselhormons des Hypophysenvorderlappens, Endokrinologie 17:1-8, 1936. 

11. Shipley, R. A., and Long, C. N. H.: Studies on the Ketogenic Activity 
of the Anterior Pituitary: III. The Nature of the Ketogenic Principle, Biochem 
J. $2:2249-2256 (Dec.) 1938. 

12. Roger, H.: Quelques travaux récents sur la physiologie du foie, Presse 
méd. 47:1104-1106 (July 12) 1939. 
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er and Léon Binet are the editors of ‘“Traite de physiologic normale 
athologique.”” The third volume of this large work covers the phys- 
gy of the liver and kidneys, and recently has appeared in a second 
tion. Reviewing the many new acquisitions in knowledge of the liver 
nce the appearance of the first edition of volume 3 in 1928, Roger 
umes nineteen hormones with activities affecting the glycogenic func- 

n of the liver. The first fifteen of these, listed below, he regards 

is “bien connues”’: The bracketed material is ours. 

\. Hormones elaborated by the anterior lobe of the pituitary. 

1. Diabetogenic hormone (Houssay) 
2. Hypophysopancreatic hormone, a stimulant of the islands of Langerhans 
[This is not generally accepted. The effect noted can be explained 
by the capacity of the islands to hypertrophy in response to the increased 
demand for insulin created when anterior pituitary extracts are admin- 
istered. ] 

3. Hypophysothyroid hormone (Collip) 

4. Hypophysoparathyroid hormone with action on the pancreas by relay 
through the parathyroid glands [The evidence for this is not impressive. ] 

5. Hypophysomedulloadrenal hormone [Questionable.] 

6. Hypophysocorticoadrenal hormone (Collip) 

7. Contrainsular hormone (Lucke) [See earlier review.1* Evidence accumu- 
lated since that review was written throws considerable doubt on the 
existence of this hormone.] 

Intermediary hormones 

8. Corticomedullary hormone [This factor probably occurs, but the evi- 
dence is inconclusive.] 

9. Thyropancreatic hormone [Not established; the effects noted can be 
explained by the demand for more insulin created by the elevation of 
the rate of metabolism.14] 

10. Thyroadrenal hormone [Not established; the effects noted can be 
explained by the elevation of the rate of metabolism.] 

11. Parathyropancreatic hormone [See comment under heading A4.] 

12. Duodenopancreatic hormone (Incretine of LaBarre). [See comments 
on this in an earlier review.'*] 

Hepatotropic hormones 

One of these, the pituitary diabetogenic hormone (Houssay), is already 
named. [See heading A1.] 

13. Pancreaticohepatotropic hormone (insulin) 

14. Medulloadrenohepatotropic hormone (epinephrine ) 


15. Corticoadrenohepatotropic hormone (corticosterone) 


13. Wilder, R. M., and Wilbur, D. L.: Diseases of Metabolism and Nutrition: 
Review of Certain Recent Contributions, Arch. Int. Med. 55:304-343 (Feb.) 1935. 

14. Wilder, R. M.: Hyperthyroidism, Myxedema and Diabetes, Arch. Int. Med. 
38: 736-760 (Dec.) 1926. 

15. Wilder, R. M., and Wilbur, D. L.: Diseases of Metabolism and Nutrition: 
Review of Certain Recent Contributions, Arch. Int. Med. 57:422-471 (Feb.) 1936. 
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The following comments in this article by Roger '* should ar 
the interest of American readers: 

The glycogen of the liver has long been regarded as a reserve for furnis| 
the organ with the sugar which it constantly requires. This, indeed, is an impo: 
tant role, but recent studies lead to the conclusion that almost all, not to say 
of the chemical activities of the liver depend on the integrity of its glyc 
function. Glycogen enables, or at least facilitates, the utilization of certain hexose 
sugars, notably galactose. It gives birth to citric acid. It enables conjugat 
with a great number of toxic substances to form inoffensive glycuronates whic! 
can readily be excreted by the kidneys. Glycogen furnishes the dextrose for the 
intrahepatic formation of neutral fats from the soaps carried to the liver from the 
intestine. [This statement, we suppose, may offend the ears of American physi- 
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Interplay of endocrine glands in carbohydrate metabolism. See text, page 393, 
for significance of numbers 1, 2, 3, 4 and so forth. (From Roger.?2) 


ologists. See Best and Taylor.1¢] Glycogen intervenes in the transformation of 
fatty acids, which under its influence are progressively desaturated and in con- 
sequence more readily oxidized. The normal devolution of the lipoids results in 
the formation of the intermediate ketone bodies. They, being injurious, must 
rapidly be eliminated or destroyed, and much research has established that the 
values for the ketones rise as those for hepatic glycogen fall, and vice versa. 
The transformation of nitrogenous metabolites likewise is subordinate to the 
glycogen of the liver, which must be intact to permit the formation and trans- 
formation of aminoacids, creatine and urea. Furthermore, glycogen serves t 
maintain the hepatic parenchyma and to make possible its regeneration. Glycogen 


16. Best, C. H., and Taylor, N. B.: The Physiological Basis of Medical Prac- 
tice, ed. 2, Baltimore, Williams & Wilkins Company, 1939, p. 949. 
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es in the arrest and destruction of microbes, as well as in many other hepatic 

ns of minor importance. Thus have modern studies amplified unexpectedly 

at discovery of Claude Bernard. 

) Artificial Synthesis of Glycogen: Adding even more unexpec- 
tedly to the great discovery of Claude Bernard is the accomplishment 
this vear of an in vitro synthesis of glycogen by Cori, Schmidt and 
Cori * and Cori, and Schmidt.’* Besides representing the first success- 
ful synthesis of any high molecular polysaccharide, the work leading 
to this discovery explains much of the enzymatic process which normally 
is involved in the polymerization of dextrose to glycogen and the degra- 
dation of glycogen—to sugar in the liver and to lactic acid in the muscle. 

Solutions of purified enzyme prepared from muscle, heart, brain, 
liver and yeast were shown to catalyze the following reaction in a 
reversible manner : 


Glycogen + phosphoric acid — dextrose-1-phosphate 

When andenylic acid (which acts as a coenzyme) is added to a solu- 
tion of dextrose-1-phosphate containing the enzyme obtained from the 
liver (liver-phosphorylase), inorganic phosphate is liberated and a poly- 
saccharide is formed which gives a brown color with iodine and which 
in other chemical properties is indistinguishable from glycogen. At 
the point of equilibrium of the reaction, giycogen + phosphoric acid 
= dextrose-l-phosphate, the ratio of concentration of inorganic phos- 
phate, which represents glycogen formed to concentration of dextrose- 
|-phosphate, at 30 C. is 83.5 to 16.5, or 5.1 to 1. 

(c) Adrenal Glands and Carbohydrate Metabolism: Interest con- 
tinues to center on the importance in carbohydrate metabolism of the 
adrenal cortex. In last year’s review? mention was made of the obser- 
vation of Long, Fry and Thompson that crystalline compounds isolated 
from the adrenal cortex by Kendall provoked glycosuria in partially 
depancreatized rats. Now synthetic adrenocortical material has been 
made available by Steiger and Reichstein.’* Although highly potent 
so far as activity in salt water metabolism is concerned, the synthetic 
material, we are informed, lacks the power to provoke diabetes in 
partially depancreatized rats. Also we ourselves observed that a daily 
dose of 30 mg. of it injected subcutaneously did not appreciably raise 

17. Cori, C. F.; Schmidt, G., and Cori, G. T.: The Synthesis of a Poly- 
saccharide from Glucose-l-Phosphate in Muscle Extract, Science 89:464-465 
(May 19) 1939, 

18. Cori, C. F.; Cori, G. T., and Schmidt, G.: The réle of Glucose-l-Phosphate 
in the Formation of Blood Sugar and Synthesis of Glycogen in the Liver, J. Biol. 
Chem. 129:629-639 (Aug.) 1939. 

19. Steiger, M., and Reichstein, T.: Desoxy-cortico-steron (21l-oxy-proges- 
teron) aus /\5-3-oxy-atio-cholensaure, Helvet. chim. acta 20:1164-1179, 1937. 





396 ARCHIVES OF INTERNAL MEDICINE 


the level of the blood sugar or increase the twenty-four hour exci 
of dextrose in a case of diabetes. The data of this experiment are 
in table 1. 

That absence of adrenocortical activity frequently is associated 
an abnormally low level of blood sugar has long been known from 
observation of patients with Addison’s disease. According to Ferrehee, 
Ragan, Atchley and Loeb,”° the synthetic compound, desoxycortico 
sterone acetate, has no influence on this abnormality, an observation 
that we can confirm from personal experience in 14 cases of Addison's 
disease in which desoxycorticosterone acetate was used therapeutically 
Thus it seems probable that the synthetic preparation, while possessing 
many of the properties of active extracts of adrenal cortex, may |y 


TABLE 1.—Absence of Effect of Desoxycorticosterone Acetate on the Glyci § 
of Diabetes Mellitus * 








Daily Dose 
a n~ Daily Average Grams 
Desoxycorti- in Urine 
Period, costerone Insulin, A 
Date, 1939 Days Acetate, Mg. Units Sugar Nitrogen Sodiur 


July 7-16 IK 0 60 30.8 owns 
July 17-23 30 60 33.4 9.93 
July 24-30 0 60 32.8 10.57 
July 31-Aug. 7 30 60 26.9 9.67 





* The patient, a woman 19 years of age, had diabetes of eight years’ duration. Rest | 
bed was maintained, and a constant diet was given. It provided 140 Gm. of carbohydrat 
58 Gm. of protein, 90 Gm. of fat and 9 Gm. of sodium chloride. Soluble insulin was injecte 
twice daily. The dose was previously adjusted so as to permit a moderate degree 
giycosuria, 

‘The absence of effect of desoxycorticosterone on this glycosuria is the more striking 
view of the definite retention of sodium ion encountered in the periods when desoxycort 
costerone acetate was administered. The intake of sodium ion was reasonably constant 
varying only with the sodium content of the food before seasoning. 

It is worthy of comment that a daily dose of 30 mg. of desoxycorticosterone acetate 
from three to six times as large as the dose necessary to correct the disturbances of salt a 
water metabolism in patients with severe adrenocortical insufficiency. 


qualitatively dissimilar from the adrenocortical hormone, at least in 
some respects. 

An abnormality of Addison’s disease related to the frequent occur- 
rence of hypoglycemia is hypersensitivity to insulin. Swann and Fitz- 
gerald *' investigated the relative importance of the adrenal medulla 
and the adrenal cortex in the maintenance of normal sensitivity to insulin 
They found that in rats from which both adrenal glands had _ been 
removed sensitivity was twenty-four times as great as in controls but 
that the major part of this abnormality could be abolished by transplant 
ing the removed cortical tissue to the ovary. 


20. Ferrebee, J. W.; Ragan, C.; Atchley, D. W., and Loeb, R. F.: Desoxy 
corticosterone Esters; Certain Effects in the Treatment of Addison’s Disease, 
J. A. M. A. 113:1725-1731 (Nov. 4) 1939. 

21. Swann, H. J., and Fitzgerald, J. W.: Insulin Shock in Relation to Com 
ponents of Adrenals and Hypophysis, Endocrinology 22:687-692 (June) 1938 
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e respiratory quotient of the depancreatized dog is low and, unlike 
the corresponding quotient of the normal animal, it remains low after 
the animal is fed carbohydrate. Chambers, Sweet, Chandler and 
Lichtman ** studied this quotient in dogs after adrenalectomy with pan- 
createctomy (the Young preparation) and after hypophysectomy with 
depancreatectomy (the Houssay operation). The failure of the respira- 
tory quotient to rise after carbohydrate is fed, although still a matter 
of contention, is generally accepted as an index of deficient oxidation 
of carbohydrate. The abnormality, as was stated, is regularly observed 
in depancreatized but otherwise unchanged dogs. It also is character- 
istic of severe clinical diabetes. The respiratory quotients of the adrenal- 
ectomized and depancreatized dogs were not elevated significantly by 
carbohydrate. The basal respiratory quotients of these animals were low, 
and when dextrose was given the quotients of only a few of them rose. 
Essentially the same results were obtained with dogs subjected to the 
Houssay operation. Thus it cannot be said, as some have supposed, 
that adrenalectomy or hypophysectomy abolishes preexistent diabetes. 

(d) Pancreas and Fat Metabolism: In an earlier review Wilbur 
and I ** commented on the development of fatty liver in depancreatized 
dogs sustained with insulin. This, as was said, could be prevented if the 
animals were given, with their food, raw pancreas, lecithin, choline, 
betaine or an extract made from the pancreas by Dragstedt and called 
by him lipocaic. To judge from an observation by Hansen ** and a 
more recent study by White, Marble, Bogan and Smith,** the large 
fatty livers of poorly treated diabetic children are imperfectly related 
to the condition found in depancreatized dogs. White and her associates 
gave raw pancreas to 2 diabetic children with hepatomegaly and betaine 
to 12 other children with a similar disease. No significant change in 
the size of the liver in any of these children was observed after the 
feeding of pancreas, and a minor change only in the livers of 6 of the 
children receiving betaine. On the other hand, hepatomegaly was cor- 
rected in 15 (nearly 80 per cent) of 19 little patients who received 
nothing but protamine insulin, which controlled the diabetes. In our 


experience there has not been a single case in which the type of hepato- 

22. Chambers, W. H.; Sweet, J. E.; Chandler, J. P., and Lichtman, A. L.: 
Carbohydrate Metabolism in Adrenalectomized, Depancreatized Dogs, Am. J. 
Physiol. 126:460-461 (July) 1939. 


23. Wilder, R. M., and Wilbur, D. L.: Diseases of Metabolism and Nutrition; 
Review of Certain Recent Contributions, Arch. Int. Med. 59:329-364 (Feb.) 1937. 

24. Hansen, P., cited by Wilder and Wilbur.?% 

25. White, P.; Marble, A.; Bogan, I., and Smith, R. M.: Enlargement of 
the Liver in Diabetic Children: II. Effect of Raw Pancreas, Betaine Hydro- 
chloride and Protamine Insulin, Arch. Int. Med. 62:751-764 (Nov.) 1938. 
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megaly described by White and her associates failed to respond to s:tis- 
factory control of the diabetes. This clinical experience provides |ittle 
reason to believe that deficiency of lipocaic or of other secretion o/ the 
pancreas involved in fat metabolism is a practical problem in diabetes 
except, perhaps, in those rare cases in which the pancreas as a whole 
is destroyed by gross diabetic disease. However, Dragstedt and his asso- 
ciates 7* now emphasize that two types of fatty infiltration are encoun- 
tered in experimental pancreatic diabetes and possibly also in clinical 
diabetes. One type is due to a failure to control diabetes, as when 
the administration of insulin has been inadequate. This type is char- 
acterized by a normal or a high concentration of lipoids in the blood 
and by acidosis. The second type is due to insufficiency of lipocaic. 
It is associated with a low concentration of blood lipoids, impaired 
hepatic function, increased sensitivity to insulin and decreasing require- 
ments for insulin. The first type is relieved by insulin, but not th 
second. That fatty infiltration and enlargement of the liver of the 
second type also occur in human diabetes is suggested in 3 cases reported 
by Grayzel and Radwin *’ and a fourth reported by Rosenberg.** The 
patients of Grayzell and Radwin ** were young diabetic subjects with 
hepatomegaly. Their diabetes was well controlled with diet and insulin 
The large livers diminished in size when lipocaic was administered, 
increased in size when lipocaic was withheld and again diminished in 
size when treatment with lipocaic was resumed. Rosenberg’s patient 
was an adult with mild diabetes. Hepatomegaly was marked and was 
associated with impairment of liver function. These conditions were 
not improved by better control of the diabetes but did respond to treat- 
ment with lipocaic. Specimens of liver secured at operations before and 
after treatment with lipocaic also revealed disappearance of fat. 

In this connection certain recent observations bearing on the rol 
of the alpha cells of the islands of Langerhans are of great interest 
They were made by disciples of that grand old student of the pancreas 
who for forty years has headed the department of anatomy at the 
University of Chicago, Robert Bensley. Woerner,”® in the last of a 


26. Dragstedt, L. R.; Vermeulen, C.; Goodpasture, W. C.; Donovan, P. B., 
and Geer, W. A.: Lipocaic and Fatty Infiltration of the Liver in Pancreatic 
Diabetes, Arch. Int. Med. 64:1017-1038 (Nov.) 1939. 

27. Grayzel, H. G., and Radwin, L. S.: Hepatomegaly in Juvenile Diabetes 
Mellitus Treated with Pancreatic Extract, Am. J. Dis. Child. 56:22-32 (July) 
1938. 

28. Rosenberg, D. H.: Proved Case of Recovery from Fatty Metamorphosis 
of the Liver After Treatment with Lipocaic, Am. J. Digest. Dis. 5:607-613 (Nov.) 
1938. 

29. Woerner, C. A.: The Effects of Continuous Intravenous Injection of 
Dextrose in Increasing Amounts on the Blood Sugar Level, Pancreatic Islands 
and Liver of Guinea Pigs, Anat. Rec. 75:91-105 (Sept.) 1939. 
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s of papers to come to our attention, has this to say regarding 
results of repeated injections of solutions of dextrose into guinea 
The injections were made at rates of from 1 to 3 Gm. per kilo- 

n of body weight per hour over periods of days. 

lhe results indicate that when the intravenous injection of dextrose is accom- 
vanied by considerable hyperplasia and secretory activity of the beta cells and the 
blood sugar level is raised only slightly above the feeding level, the alpha cells 
may be exhausted and even hydropic, little glycogen may be stored in the liver 
and no Osmic combining fat is found there. 

When the injection is accompanied by actively secreting and exhausted beta 
cells with some mitotic activity and the blood sugar level is considerably raised 
(i. e., two to three times the normal level in 24 to 48 hours), the alpha cells may 
be actively secreting and somewhat suppressed, the liver cells may be filled with 
glycogen and very little osmic combining fat found in that organ. 

This statement, as we interpret it, represents the response of a still 
efficient pancreas. On the other hand, when a sufficient degree of 
exhaustion and degeneration of the insulin-producing cells of the 
pancreas was produced, as seems to have occurred in some of these 
animals, the following was noted: 

When the blood sugar level is excessively high, the beta cells exhausted and 
degenerating or suppressed, the alpha cells may be almost completely suppressed, 
the liver cells distended with glycogen and increasing amounts of osmic combining 
fat found in the Kupffer cells and in the liver cells toward the central vein. 

In previous studies by Bensley and Woerner *° the suggestion was 
made that the alpha cells secrete a substance concerned with fat metab- 
olism and that the oxidation of fat depends not only on the presence of 
this substance but also on available oxidizable sugar. They had been able 
to make an extract of alpha cells and to obtain with it a decrease in 
the fat content of the liver. The dose of alpha cell extract, computed 
in terms of grams of fresh pancreas per kilogram of body weight per 
day, was about half the dose of alcoholic extract of pancreas (lipocaic) 
used by Dragstedt and his co-workers.2® The ingenious device for 
maintaining continuous intravenous injection in such small animals as 
the guinea pigs used in these experiments of Woerner and Bensley 
is described in another paper.*? 

(e) Activity of Islands of Langerhans: It long has been known 
that a normal person deprived of carbohydrate for a period of several 
days responds to a dose of sugar with a diabetic type of blood sugar—time 
curve. The phenomenon has been interpreted by some as indicating 
that quiescence of the pancreatic islands is induced by the small demand 
for insulin. By others it is regarded as resulting from changes in the 


function of the liver. Both mechanisms probably are involved, but 


30. Bensley, S. H., and Woerner, C. A., cited by Woerner.29 
31. Woerner, C. A.: A Simplified Method for Continuous Intravenous Injec- 
tion into Small Animals, J. Lab. & Clin. Med. 24:963-970 (June) 1939. 
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supporting the former is an observation of Haist, Ridout and Be: 
These authors reported as follows to the American Physiological Socicty 
at the annual meeting in Toronto: 

In order to investigate the effect of dietary changes on the insulin content 
pancreas it is necessary to have available, first, a method which consistently ¢ 
a maximal yield of anti-diabetic substance; second, a method of testing insuli: 
which gives accurate results with the amount of active material available; 
thirdly, a test animal which will consistently eat the diets provided and wl! 
pancreas can be completely removed without undue difficulty. With regard t 
first requirement the method recently described by Scott and Fisher [Am. ] 
Physiol. 121:253, 1938], with very slight modifications, is satisfactory. T| 
mouse method of assay of insulin, using from 200 to 300 mice for each sampk 
of insulin-containing extract, has been found to give remarkably consistent results 
[White rats of the Wistar strain eat the diets which have been used and all t! 
pancreatic tissue can readily be removed when survival of the animals is not 
desired. The pancreatic tissue from 10 rats provides from 20 to 30 units of insulin, 
an amount which is more than adequate for the test on 300 mice.] 

Utilizing these procedures, we have studied the changes in insulin content of 
rat pancreas under a variety of dietary conditions. It has been found that starva 
tion produces a very definite decrease in the insulin content of pancreas. Diets 
very rich in fat cause a marked diminution in insulin content. Diets rich in carbo- 
hydrate [do not lead to a decrease in the insulin content. ] 

Bearing indirectly on the question whether deprivation of carbo- 
hydrate depresses (temporarily) the production of insulin by the normal 
pancreas are the respiratory quotients of normal persons and the calcu 
lations of carbohydrate utilization therefrom. Such determinations have 
been reported by Johnston, Sheldon and Newburgh,** of Ann Arbor, 
Mich. The subjects, 2 normal men, were previously on a low intake 
of calories and carbohydrate. They failed to oxidize all of the intake 
of carbohydrate. If, however, the diets were adequate and contained 
more carbohydrate, what was ingested could be accounted for by oxida- 
tion. The impairment of the ability to oxidize carbohydrate appeared 
to be related to the degree of depletion of previously existing stores 
of glycogen. Before this, Cori and Cori ** had found that rats which 
had fasted forty-eight hours oxidized relatively less dextrose and 
deposited relatively more glycogen in their muscle, and Johnston and 
his associates ** commented that under conditions of glycogen depriva- 
tion it is more important apparently to replenish the carbohydrate stor 
than to use incoming carbohydrate for fuel. In our opinion these 
results are exactly what would be expected from limitation of the supply 





32. Haist, R. E.; Ridout, J. H., and Best, C. H.: Diet and the Insulin Con- 
tent of Pancreas, Am. J. Physiol. 126:518-519 (July) 1939. 

33. Johnston, M. W.; Sheldon, J. M., and Newburgh, L. H.: The Utilization 
of Carbohydrate in Human Undernutrition, J. Nutrition. 17:213-222 (Marcl 
1939, 

34. Cori, C. F., and Cori, G. T., cited by Johnston, Sheldon and Newburgh.** 
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of insulin, since insulin seems not to be required for the formation 
of muscle glycogen. but is necessary for a high rate of oxidation of 
carbohydrate. 

\n observation which bears on the capacity of the diabetic pancreas 
to export insulin is contained in a paper by Labbé,** who found the 
Staub-Traugott reaction to be absent in patients with diabetes. Staub *° 
and Traugott “* independently, and before them, in Baltimore, Hamman 
and Hirschman,** showed that a second dose of dextrose given by 
mouth to a normal human subject an hour or so after a preliminary 
dose had little, if any, elevating effect on the level of the blood sugar. 
The absence of effect from the second dose is interpreted as meaning 
that the first dose activated the mechanism for utilizing incoming sugar. 
[he activation is supposed to depend on stimulation of the pancreatic 
islands.t This Staub-Traugott (Hamman-Hirschman) phenomenon 
could be obtained by Labbé with normal persons but was not apparent 
with diabetic patients. His explanation is that in diabetes the pancreas 
must be incapable of exporting more than a certain minimum of insulin. 

The paper of Labbé,**® containing the brief report just cited, was 
one of the last in the extensive bibliography of this distinguished clin- 
ician. Marcel Labbé (1870-1939) has been the leading clinical authority 
in France on diseases of metabolism and nutrition. An account of his 
notable contributions is contained in the many obituaries that appeared 
this year in French journals of medicine.** 

\lso bearing on the subject of the capacity of the diabetic pancreas 
to export insulin is an important and long delayed contribution from 
the Connaught (Insulin) Laboratories in Toronto, Canada. It con- 
cerns the insulin content of pancreas removed at necropsy from the 
hodies of persons who died with diabetes. Analyses for insulin were 
made on 14 normal and 18 diabetic pancreases by Scott and Fisher.*? The 
average value in the normal organs was 1.7 international units per gram 
(173 units per pancreas). The value 1.7 is in good agreement with 
the average value of insulin (1.8) obtained in analysis of the pancreas 
35. Labbé, M.: La réaction de Traugott-Staub. Essai d’application a l’alimen- 
tation des diabétiques, Ann. de méd. 44:393-405 (Dec.) 1938. 


36. Staub, H.: Bahnung im intermediaren Zuckerstoffwechsel, Biochem. Ztschr. 
118:93-102, 1921. 
37. Traugott, K.: Ueber das Verhalten des Blutzuckerspiegels bei wieder- 


holter und verschiedener Art enteraler Zuckerzufuhr und dessen Bedeutung fiir 
die Leberfunktion, Klin. Wchnschr. 1:892-894 (April) 1922. 

38. Hamman, L., and Hirschman, J. J.: Studies on Blood Sugar: IV. Effects 
upon the Blood Sugar of the Repeated Ingestion of Glucose, Bull. Johns Hopkins 
Hosp. 30: 306-308, 1919. 

39. Bezancgon, F.: Marcel Labbé, 1870-1939, Ann. de méd. 46:89-94 (July) 
1939. 

40. Scott, D. A., and Fisher, A. M.: The Insulin and the Zinc Content of 
Normal and Diabetic Pancreas, J. Clin. Investigation 17:725-728 (Nov.) 1938. 














402 ARCHIVES OF INTERNAL MEDICINE 


of the mature cow. In the diabetic human pancreas the average vi\i, 
was 0.4 unit per gram (less than 40 units per pancreas). What dou; 
remains regarding the primary significance of the pancreas in clinical 
diabetes should be stilled if the results of analyses of more material 
agree with these. 

Sex Incidence-—No one study has explained the unusual frequency 
of diabetes among Jews, nor the relatively high proportion of females 
among diabetic Jews. Rudy and Keeler *' added further statisticai 
data and compared observations made on more than 1,000 Jewish dia- 
betic patients in the Beth Israel Hospital of Boston with other data, 
especially those of Joslin. Rudy and Keeler found the incidence of 
familial diabetes (diabetes in brothers, sisters or first cousins) to lx 
from four to six times as high in diabetic as in nondiabetic Jews and 
that of hereditary diabetes (diabetes in parents, grandparents, aunts 


TABLE 2.—Sex of Newly Registered Diabetic Patients in the Mayo Clinic 











Male* Female 

Ee — cfc EE - 
Year Patients Percentage Patients Percentage 

181 52.5 164 47.5 

209 58.2 184 46.8 

177 61.5 167 48.5 

256 57.1 192 42.9 

188 52.4 171 47.6 

1,011 58.5 878 46.5 

308 55.9 243 44.1 

385 56.6 295 43.4 

438 57.1 829 42.9 

1,131 56.6 867 43.4 








* The percentage of males among all newly registered patients (those not previously seen) 
in the Mayo Olinie has been close to 50 for many years. In 1988 it was 48.6. 
and uncles) to be higher in the younger age groups. They also noted 
that Jewish females with diabetes outnumbered Jewish males with 
the disease in a ratio of nearly 2:1. This sex ratio is much higher than 
that reported by Joslin for all diabetic patients and may provide an 
explanation for the fact that the number of female patients with dia- 
betes exceeds the number of male patients with the disease in clinics 
in Boston and New York, where the Jewish population is relatively 
large. Such preponderance of females over males has not been observed 
among the diabetic patients who come to the Mayo Clinic, where the 
clientele is largely derived from rural regions or smaller towns. In 
our experience males predominate, and their predominance seems t 
be on the increase (table 2). The incidence of Jews among new dia- 
betic patients coming to the clinic runs about 12 per cent. In 1938 
it was 12.8 per cent. 


41. Rudy, A., and Keeler, C. E.: Studies on Heredity in Jewish Diabetic 
Patients, New England J. Med. 221:329-332 (Aug. 31) 1939. 
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e predominance of females with diabetes over males with this 
disease in the experience of the Metropolitan Life Insurance Com- 
pal may also be influenced by an undue weighting with Jews. The 
section of the population represented in the policyholders of this com- 
pany is industrial and therefore mostly urban. 

Diagnosis —(a) Exton-Rose Test: For some years Exton’s sim- 
plified tolerance test, the two dose-one hour test, has been in use in 
the Mayo Clinic as one of several means of diagnosis in cases in which 
diabetes was suspected. The collected material has now been examined 
by Matthews, Magath and Berkson,** who selected for statistical analysis 
the results obtained with this test in 117 subjects called normal, 304 
patients with diabetes mellitus and 70 patients with renal glycosuria. 
Results obtained with the test in cases in which any disease other than 
diabetes was noted were eliminated. In all cases the clinical diag- 
noses had been made by physicians who had special experience in 
diabetes. These physicians gave the tests consideration, but they based 
their diagnoses on all the information obtainable and not on the tests 
alone. Indeed, in interpreting the tests for purposes of diagnosis 
other criteria were used than those developed in this statistical exami- 
nation. 


From the study of Matthews and his associates,** 


the correlation 
between the clinical diagnosis and the earlier criteria for interpreting 
the Exton-Rose test appears to be much less satisfactory than the cor- 
relation which can be observed between the clinical diagnosis and the 
simple criterion provided by the value for the blood sugar one hour 
after the first dose of dextrose is ingested. When subjects who had 
a concentration of blood sugar of less than 0.158 Gm. per hundred 
cubic centimeters at the hour were designated as nondiabetic, and those 
with readings at or more than 0.180 Gm. as diabetic, all but 25 of the 
364 patients had values of blood sugar in one of the two groups, and 
the laboratory designation agreed with the diagnosis of the physician. 
Of the 25 persons with values of blood sugar at the hour between the 
critical levels named, i. e., between 0.158 and 0.179 Gm., 6 patients 
were called nondiabetic by the clinician, and 19 were considered as hav- 
ing exceedingly mild diabetes. This incidence of doubtful designation 
not only was smaller than that obtained by use of earlier criteria for 


42. Dublin, L. I., and Lotka, A. J.: Twenty-Five Years of Health Progress: 
A Study of the Mortality Experience Among the Policyholders of the Metro- 
politan Life Insurance Company, 1911 to 1935, New York, Metropolitan Life 
Insurance Company, 1937. 

43. Matthews, M. W.; Magath, T. B., and Berkson, J.: The One Hour-Two 
Dose Dextrose Tolerance Test (Exton-Rose Procedure), J. A. M. A. 113:1531- 
1537 (Oct. 21) 1939. 
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interpreting the Exton-Rose test but was much smaller than that | 
by Matthews ** using any criteria heretofore proposed for interpret 
the so-called standard three hour—one dose dextrose tolerance test 

(b) Significance of Hyperglycemia Not Accompanied by Glyco 
suria: It is a common practice to regard a fasting value for blood 
sugar of more than 0.120 Gm. per hundred cubic centimeters associ- 
ated with glycosuria as diagnostic of diabetes mellitus, but what about 
hyperglycemia with no glycosuria? Davidson ** reported 17 examples 
of this. No sugar appeared in the urine even when dextrose was 
administered for a one dose-three hour tolerance test, in the course of 
which the blood sugar rose to values between 0.200 and 0.300 Gm. 
per hundred cubic centimeters. Six of the patients were children 
We have encountered an occasional case of this type and have attributed 
the condition to abnormal elevation of the renal threshold. ‘That the 
abnormality occurs with sufficient frequency to have enabled one 
observer to report 17 examples and to comment, as Davidson ** did, 
that he had encountered several score of equally striking cases is 
startling, to say the least. In Davidson’s opinion, such hyperglycemia 
may initiate and maintain metabolic disturbances that are susceptible to 
correction by treatment with a diabetic diet. 

The better known abnormality of the renal threshold for dextrose 
is renal dextrosuria (renal diabetes), in which the threshold for sugar 
is depressed below normal so that sugar is excreted by the kidneys 
from normal or even abnormally low levels of blood sugar. A review 
of Joslin’s experience of thirty-five years with nondiabetic glycosuria 
was recently reported by Marble, Joslin, Dublin and Marks.*° They 
defined “renal glycosuria” as denoting constant glycosuria even in the 
fasting state (when values for blood sugar are less than 0.120 Gm. 
per hundred cubic centimeters), postprandial values for blood sugar 
of less than 0.170 Gm. per hundred cubic centimeters and an absence of 
diabetic symptoms. In none of 67 cases satisfying the criterion of 
renal glycosuria in this limited sense did diabetes mellitus develo 
later. However, of a total of 1,946 patients with all types of non- 
diabetic glycosuria, true diabetes later developed in 193, or 9.9 per cent. 
The entire series included 4 cases of pentosuria and 1 case of fructosuria. 


The statement is made that often in cases of pentosuria and fructosuria 


44. Matthews, M. W.: A Study of the One Dose-Three Hour (Standard) 
and Two Dose-One Hour (Exton-Rose) Glucose Tolerance Test, Thesis, Uni- 
versity of Minnesota Graduate School, 1939. 

45. Davidson, C. F.: Hyperglycemia Without Glycosuria Associated with 
Disturbances in Metabolic Processes, Endocrinology 24:542-549 (April) 1939 

46. Marble, A.; Joslin, E. P.; Dublin, L. I., and Marks, H. H.: Studies in 
Diabetes Mellitus: VII. Nondiabetic Glycosuria, Am. J. M. Sc. 197:533-556 
(April) 1939. 
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wwnosis is first diabetes, then renal glycosuria, and the suggestion 
le that whenever melituria is proved not to be diabetic the type 
ugar should be identified. 

ognosis.—(a) Course of Diabetes in Children: An encouraging 
survey of the condition of children with diabetes is reported from Los 
Angeles by Grishaw, West and Smith.** The status of 315 of a series 
of 341 diabetic children was known. Among them were 86 in whom 
diabetes had developed prior to January 1928 and who thus had lived 
ten vears or more since its development. ‘Twenty-five per cent of the 
86 had died, but only 3 of the deaths had occurred since 1930. The 
mortality for the 219 children exposed less than ten years was 9.2 per 
cent. The cause of half of all deaths was coma, and in consequence 
of improving methods of preventing coma better results can be expected 
in the future. Among nonfatal complications, retinitis was found in 


only 2 of all the children and cataract in only 1. Pulmonary tubercu- 


losis was noted in only 1 and arteriosclerosis in only 1. 

The intelligence of diabetic children has impressed every one who 
has had experience in treating many of these little patients. Intelli- 
gence ratings were obtained for 62 unselected children of the group 
studied by Grishaw and his associates.’ The ratings were well in 
advance of normal; 42.1 per cent were more than 110, compared with 
20.6 per cent of Terman’s normal, unselected children. Only 10.5 per 
cent of the ratings were less than 90, compared with 19.4 per cent for 
Terman’s unselected children. 

(b) Prejudice Against Employment of Patients with Diabetes: A 
commendable protest was made by Lawrence and Madders ** at the 
discrimination by employers against persons with diabetes. This atti- 
tude is a survival of preinsulin days and now is unfair and unjust. A 
formal survey of 100 employed diabetic persons revealed that 85 per 
cent of them when stabilized on insulin lost no time from their work. 
Lawrence and Madders concluded that most diabetic persons when 
adequately treated are good employees from the point of view of 
health. 

The modern aim in the treatment of diabetes, as is well explained 
in a recent bulletin of the Metropolitan Life Insurance Company,* is 
to restore the patient and then to keep him as a useful and productive 
citizen in the community. This objective is well on the way to being 


47. Grishaw, W. H.; West, H. F., and Smith, B.: Juvenile Diabetes Mellitus, 
Arch. Int. Med. 64:787-799 (Oct.) 1939. 

48. Lawrence, R. D., and Madders, K.: The Employment of Diabetics, Brit. 
M. J. 2:1076-1077 (Nov. 26) 1938. 

49. Working Capacity of Diabetics, Statist. Bull., Metropolitan Life Insur. Co. 
20:7-10 (Oct.) 1939. 
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realized, but both doctors and patients must help in attaining it. | 
patient with diabetes who is regularly employed not only is hin 
the gainer but thereby establishes a reputation which helps to overcon 
the prejudice of employers against other diabetic persons. 


INSULIN 


Choice of Insulin.—Although dissent continues to find expression, 
the opinion prevails that the use of protamine zinc insulin is desirab|; 
in most cases of diabetes. It is widely recognized, however, that suc! 
an insulin can be used successfully only for patients with the milder 
forms of the disease and should be combined with some quicker acting 
insulin for patients with diabetes of severity. The American, English 
and German experience with protamine zinc insulin has been cited 
extensively in our previous reviews.°° The French experience has 
been reported by Boulin and his associates.** Boulin himself ** reported 
separately on the results of the use of this insulin in 100 cases. 

The long duration of action of large doses of protamine zinc insulin 
has been emphasized by Allen,®** who demonstrated, in animal experi- 
ments involving amputations, that the continued effect is due to reten- 
tion at the site of injection for periods up to sixty-two hours. An 
interesting review of the various substances, protamines, histones and 
so forth, effective in retarding the action of insulin was made by 
Vartiainen and Bastman.** Sandberg and Brand* had suggested 
that insulin was bound to arginine or guanidine groups in most of the 
substances which when added to insulin retard its activity. Sandberg 
and Brand, experimenting with arginine alone, found that it caused a 
retardation comparable to that obtained with protamine. The dose of 
arginine necessary approximated 100 mg. per kilogram. 

Another suggestion for retarding the action of insulin is that of 
Feinblatt,°° who added hexamethylenetetramine (methenamine) in the 

50. Wilder, R. M., and Wilbur, D. L.: Diseases of Metabolism and Nutrition: 
Review of Certain Recent Contributions, Arch. Int. Med. 61:297-365 (Feb.) 1938. 
Wilder and others.1 Wilder and Wilbur, footnotes 15 and 23. 

51. Boulin, R.; Ullmann, M.; Mallet, R., and Bour, H.: L’insuline-protamine 
zinc dans le traitement du diabéte sucré, Ann. d’endocrinol. 1:270-292 (July) 1939 

52. Boulin, R.: Le traitement du diabéte sucré par |’insuline-protamine-zinc 
(statistique de 100 cas), Presse méd. 47:541-544 (April 12) 1939; abstracted, 
Bull. et mém. Soc. méd. d. hép. de Paris 55:41-43 (Jan. 30) 1939. 

53. Allen, F. M.: Tolerance and Toxicity of Insulin : III. Protamine and 
Zinc Compounds, Ann. Int. Med. 12:1870-1885 (May) 1939. 

54. Vartiainen, J., and Bastman, L.: The Retardation of the Effect of Insulin 
by Means of Arginin, Acta med. Scandinav. 98:318-327, 1939. 

55. Sandberg and Brand, cited by Vartiainen and Bastman.54 

56. Feinblatt, H. M.: Juvenile Diabetes Mellitus (A Comparative Study of 
Standard Insulin, Crystalline Insulin, Protamine Insulin and Hexamine Insulin), 
J. Lab. & Clin. Med. 24:337-341 (Jan.) 1939. 
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t of 1% grain (0.06 Gm.) to 1,000 units of insulin. The resulting 
re is soluble but precipitates at the py of the tissue fluids. The claim 
le that this “hexamine insulin” is not irritating and is as stable 
tamine zinc insulin. The protection provided against ketonuria 
; striking as that with protamine zinc insulin, and shock from over- 
(collapse reaction) responds immediately to carbohydrate. 
\lmost acrimonious discussion has centered, during the past year, 
ind the original claims of one of the American manufacturers of 
insulin that solution of zine insulin crystals, recently made available 
commercially, possesses a retarded action comparable to that with prot- 
amine zinc insulin. This claim was supported at first by several 
clinical reports, but from personal experience ** and from the reports 
of Marble and Vartiainen ** and Jackson and Boyd ** the claim in 
question definitely is discredited. Jackson and Boyd ** conducted their 
clinical experiments under conditions with regard to control which 
were superior to those imposed by any investigators or clinical observers 
who reported prolongation of action for solution of zinc insulin crys- 
tals, and they concluded that no distinction need be made in regard to 
the qualitative and the quantitative effects of equal unitages between 
crystalline and amorphous insulin or between the corresponding prod- 
ucts of various manufacturers. Marble and Vartiainen®* reached 
similar conclusions, although they found that insulin of the crystalline 
type seemed to act slightly longer and that it was a desirable insulin 
from the standpoint of high purity. In rapidity of action it proved 
exactly comparable to amorphous insulin. Ricketts and one of us 
(Wilder °*) obtained blood sugar-time data after injection of single 
doses of two types of instlin, given without food, in a carefully selected 
group of diabetic patients. The nature of the two types of insulin 
was undisclosed until after the conclusion of the experiments. The 
data failed to reveal material differences either in rapidity or in duration 
of action between these types of insulin. One of them was a solution 
of amorphous (regular) insulin and the other a solution of zinc insulin 
crystals supplied by the Eli Lilly Company. The average of all data 
obtained with a preparation of zinc insulin crystals (Stearns) pur- 


57. Ricketts, H. T., and Wilder, R. M.: Solutions of Amorphous Insulin and 
Solutions of Zinc Insulin Crystals: Clinical Studies of the Comparative Speed and 
Duration of Action, J. A. M. A. 113:1310-1312 (Sept. 30) 1939. 

58. Marble, A., and Vartiainen, J.: Crystalline Insulin, J. A. M. A. 118: 
1303-1309 (Sept. 30) 1939. 

59. Jackson, R. L., and Boyd, J. D.: Relative Efficiency of Commercial Forms 
f Insulin, Proc. Soc. Exper. Biol. & Med. 41:15-16 (May) 1939. 
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chased on the open market showed a slight but statistically significant 
prolongation of action, although no difference in speed of action, 


compared with the average of all data obtained after injection of amor 
phous insulin. This difference was not apparent in all patients, 


it was concluded that the slight difference was probably of no clinical 
importance. 

The content of zinc in the various batches of insulin used in th 
experiments of Ricketts and Wilder ** was small and not comparabk 
to that in the preparations of crystalline insulin, containing mor 
zinc, with which one of us (Wilder °°) previously reported retarda 
tion of action. That addition of zinc to insulin retards its action is 
now well known. 

Insulin Allergy—As was stated by Marble and Vartiainen,®® crys- 
talline insulin should give rise to fewer allergic reactions than amor 
phous insulin. However, at present the market preparations o/ 
amorphous insulin (regular insulin) are of a high degree of purity, 
and allergic reactions from them are much less frequent than formerly 
Indeed, severe allergic reactions have become unusual. One was 
reported this year by Ulrich, Hooker and Smith*® in a nondiabetic 
person given insulin to stimulate appetite. A generalized erythematous 
rash developed, with chill, substernal pain and low blood pressure 
Similar reactions were obtained with insulins of different origin (beet 
and pork), also with crystalline insulin, although the reaction wit! 
crystalline insulin of beef origin were less severe. Effective desensi- 
tization was obtained by intradermal administration of minute doses 
of insulin, followed by subcutaneous injection of progressively increas- 
ing doses. 

Rathery and associates ®* also described a severe anaphylactic reac- 
tion. Their patient had diabetes. She received insulin in 1932. This 
at first was tolerated, but after two months it caused urticaria, and its 
use was discontinued. In 1938, insulin was administered again, and ten 
minutes later the skin of the entire upper half of the body showed 
flushing and tumefaction. Subsequently a much more severe reaction 
was obtained with a crude preparation of insulin given intradermally 
in a dose of 0.05 cc. A minimal reaction followed the administration 
of a solution of crystalline insulin. From these observations and from 
the results of an experimental study on animals desensitized previous!) 


60. Wilder, R. M.: Clinical Investigations of Insulins with Prolonged Activity, 
Ann. Int. Med. 11:13-30 (July) 1937. 

61. Ulrich, H.; Hooker, S. B., and Smith, H. H.: Allergic Reaction to Insulin, 
New England J. Med. 221:522-524 (Oct. 5) 1939. 

62. Rathery, F.; Bargeton, D.; Maschas, H., and Turiaf, J.: Insuline et ana 
phylaxie, Bull. et mém. Soc. méd. d. hop. de Paris 55:580-588 (April 10) 1939 
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with the serum of this patient, Rathery and his colleagues concluded 
that contaminants of the insulin rather than the insulin itself were 
responsible for the reactions. 

Roth and Rynearson ** reported the successful use of histaminase 
in the treatment of patients with insulin allergy of moderate severity. 
Such is the allergy in which hard, tender, red areas up to 6 inches 
(18 cm.) in diameter develop at the sites of injection and persist for 
several days. One patient took 3 tablets of histaminase by mouth 
three times daily, and at the end of six days the local reactions had 
disappeared. The suggestion is promising, but preparations of histamin- 
ase of assured activity have been obtainable only recently. 

Regarding reaction at the site of injection of protamine zinc insulin, 
which occurred in 16 per cent of their cases, Kern and Langner “ 
stated that such reactions probably are not due to sensitization to prot- 
amine, because 104 patients treated with protamine zinc insulin and 
8 allergic nondiabetic patients who were found by cutaneous tests to 
be sensitive to salmon muscle protein had negative intracutaneous 
reactions on tests with a solution of protamine. The statement is in 
keeping with the present knowledge that protamines have no antigenic 
properties. The reactions appeared to be caused by errors in the 
technic of injection. However, 2 of the patients became sensitive to 
insulin five and eight days, respectively, after protamine zinc insulin 
was substituted for soluble insulin in the treatment of their diabetes, 
and the suggestion is made that the sensitivity to insulin was a result 
of the more prolonged action of the antigen (insulin) in the course of 
its slower absorption in the precipitated state. 

Levels of Control of Glycosuria.—Opinion is divided sharply as to 
the degree of control desirable when patients are receiving protamine 
zinc insulin. Boyd and Jackson * expressed the belief that the regimen 
should be directed toward the conservation of the patient’s resources 
in their entirety and that a regimen which requires or condones glyco- 
suria even of a mild degree cannot be considered favorable for the 
patient’s ultimate welfare. Several other writers have expressed similar 
opinions. On the other hand, the danger inherent in attacks of hypo- 
63. Roth, G. M., and Rynearson, E. H.: Histamine and Histaminase in the 
Treatment of Allergic Reactions to Insulin, Proc. Staff Meet., Mayo Clin. 14: 
353-358 (June 7) 1939, 

64. Kern, R. A., and Langner, P. H., Jr.: Protamine and Allergy: I. Nature 
of the Local Reactions After Injection of Protamine Zinc Insulin; II. Induction 
of Sensitivity to Insulin by Injections of Protamine Zinc Insulin, J. A. M. A. 113: 
198-200 (July 15) 1939. 

65. Boyd, J. D., and Jackson, R. L.: Levels of Control in the Treatment of 
Diabetes Mellitus, J. A. M. A. 111:906-909 (Sept. 3) 1938. 
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glycemia, emphasized again by Sherrill and MacKay, has led man, 
authorities to oppose such rigid control. Their position is strength, ned 
by the obviously improved state of health of patients formerly treated 
more rigidly with regular insulin. A variety of methods have been 
suggested for overcoming the obvious difficulty in preventing post- 
prandial excretion of sugar when protamine zinc insulin is depended on 
exclusively and given once daily. Some writers have recommended that 
there be six meals daily. Others start the day with little carbohydrate 
and give relatively more in the afternoon and evening. <A careful study 
of the problem by Tolstoi and Weber,*® of the Cornell Clinic, led them 
to conclude that “for patients treated with protamine zinc insulin the 
guiding factor of satisfactory treatment should be the maintenance oj 
weight, freedom from symptoms and absence of ketone bodies in the 
urine. Glycosuria is desirable, as it affords freedom from reactions.” 
We incline to agree with this opinion but would hesitate to accept the 
degree of glycosuria permitted by Tolstoi and Weber and _ usually 
succeed in avoiding daily excretion of more than 10, or at most, 20 
Gm. of sugar by giving some regular (or crystalline) insulin with th 
protamine zinc insulin in all cases in which more than 20 or 30 units 
of insulin is required. The protamine zinc insulin and regular insulin 
are mixed in one syringe according to the method described by Law- 
rence and Graham mentioned in our last year’s review.’ We find this 
procedure to be highly satisfactory. 


MONOGRAPHS ON DIABETES AND INSULIN 


Of interest and to be recommended to the student of diabetes are 
the following monographs published in 1938 or 1939: “Insulin: | 
Chemistry and Physiology,” by Hans F. Jensen,® “Die Diat- und 
Insulinbehandlung der Zuckerkrankheit ftir Studierende und Aerzte,” 


69 


by Franz Depisch,®® and the Goulstonian Lectures on the mechanism 


of diabetes mellitus, by H. P. Himsworth."° 
66. Sherrill, J. W., and MacKay, E. M.: Deleterious Effects of Experimental 
Protamine Insulin Shock, Arch. Int. Med. 64:907-912 (Nov.) 1939, 
67. Tolstoi, E., and Weber, F. C., Jr.: Protamine Zinc Insulin: A Metaboli 
Study; Treatment in Two Cases of Severe Diabetes by Equally and Unequall) 
Divided Diets, with Comments on Criteria for Treatment, Arch. Int. Med. 64:91 
104 (July) 1939. 
68. Jensen, H. F.: Insulin: Its Chemistry and Physiology, New York, Oxford 
University Press, 1938. 
69. Depisch, F.: Die Diat- und Insulinbehandlung der Zuckerkrankheit fur 
Studierende und Aerzte, ed. 2, Berlin, Julius Springer, 1939. 
70. Himsworth, H. P.: The Mechanism of Diabetes Mellitus, Lancet 2:1-6 
(July 1) 1939; II. The Control of the Blood-Sugar Level, ibid. 2:65-68 (July & 
118-122 (July 15) 1939; III. Human Diabetes Mellitus, ibid. 2:171-176 (July 22) 
1939. 
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HYPERINSULINISM AND GLYCOGENOSIS 














































number of recent reports of insular tumor associated with 
<ysmal hypoglycemia have come to our attention.** A discussion 
pathologic characteristics of insular tumors is given by Laidlow,”? 
lesignates them as “nesidioblastomas.” 
\n investigation by Seckel“*® of the rate of postmortem hepatic 
elycogenolysis in 2 fatal cases, in one of which an insular carcinoma 
was found, fills a gap in present knowledge. When one of us (Wilder), 
with Allan, Power and Robertson,” described the original case of pan- 
creatic tumor with hyperinsulinism, attention was called to a very high 
elycogen content in the liver, and it was suggested that an equally 
unusual case previously reported by Parnas and Wagner ** might be 
one of a similar condition. The case of Parnas and Wagner, in which 
hepatomegaly, hypoglycemia, ketonuria and retardation of growth 
occurred in a 9 year old child, is now regarded as the first case of glyco- 
genosis (glycogen disease, von Gierke’s disease) to be described. It 
was learned later that a fundamental abnormality in glycogenosis is 
inhibition in vivo and post mortem of hepatic glycogenolysis, and in 
discussions of its genesis hyperinsulinism, time and again, has been 
suggested as responsible. Not determined, however, either in the 
original case or in any of the numerous cases of hyperinsulinism which 
subsequently have been reported, was whether postmortem glycogen- 
olysis was abnormal in hyperinsulinism. This, Seckel “'* investigated 
in his cases. One was an instance of carcinoma of the islands of 
Langerhans; the other, a case of “neurogenic hyperinsulinism,” in 
which a massive fibroma was found on the dome of the right lobe of 
the liver. Comparatively high contents of glycogen were encountered 
71. (@) Jirasek, A., and Postranecky, O.: Un cas d’adénome des ilots de 
Langerhans; diagnostic, opération, guérison, Presse méd. 46:671-672 (April 27) 
1938. (b) Parade, G. W., and Kindler, K.: Inselzellenadenom, durch Operation 
geheilt, Klin. Wehnschr. 17:810-813 (June 4) 1938. (c) Fraser, R.; Macley, W. S., 
and Mann, S. A.: Hyperinsulinism Due to a Pancreatic Islet Adenoma, Quart. J. 
Med. 7:115-135 (Jan.) 1938. (d) Malamud, N., and Grosh, L. C., Jr.: Hyper- 
insulinism and Cerebral Damage: Report of a Case Due to an Islet Cell Adenoma 
| the Pancreas, Arch. Int. Med. 61:579-599 (April) 1938. (e) Seckel, G.: 
Postmortem Hepatic Glycogenolysis in Hyperinsulinism and Glycogen Disease, J. 
Clin. Investigation 18:723-731 (Nov.) 1939. (f) Campbell, W. R.; Gradam, R. R., 
and Robinson, W. L.: Islet Cell Tumor of the Pancreas, Tr. A. Am. Physicians 
54: 304-319, 1939, 

72. Laidlow, G. F.: Nesidioblastoma, the Islet Tumor of the Pancreas, Am. J. 
Path. 14:125-134 (March) 1938. 
73. Wilder, R. M.; Allan, F. N.; Power, M. H., and Robertson, H. E.: Carci- 
noma of the Islands of the Pancreas: Hyperinsulinism and Hypoglycemia, J. A. 
M. A. 89:348-355 (July 30) 1927. 
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in the liver and muscle in both cases, but postmortem hepatic glyco. 
genolysis was approximately normal or only slightly decreased. Seckel’s 
conclusion is that neither form of “hyperinsulinism” can be identified with 
typical glycogenosis and that typical glycogenosis cannot, therefore. 
originate from either form of “hyperinsulinism.” 

An important review of the literature on glycogenosis was published 
recently by van Creveld,’®> who with Snapper * gave the first clinical 
report of a case of the disease in 1928. 


DIABETES INSIPIDUS 

The important studies of Fisher, Ingram and Ranson, of North- 
western University Medical School, now are assembled in a mono- 
graph.*7 The work of these authors seems to have established that 
the posterior lobe of the pituitary is an endocrine gland with an anti- 
diuretic role in water metabolism and to have defined diabetes insipidus 
as a syndrome of pituitary insufficiency caused by diminution or 
absence of the antidiuretic hormone of the posterior lobe. When the 
posterior lobe of the pituitary body is extirpated or undergoes atrophy 
as a result of a lesion of the hypothalamus in which the supraoptical 
hypophysial tracts are interrupted, diabetes insipidus follows. 
Swann and Penner “* conducted experiments which throw into 
relief the significance in diabetes insipidus of the intake of certain 
salts, notably sodium chloride and sodium bicarbonate. Postoperative 
diabetes insipidus in the rat seldom results in the daily exchange of 
500 cc. of fluid per kilogram of body weight, but on administration 
of sodium chloride amounts of fluid exceeding 1,000 cc. per kilogram 
per day are not uncommon. Such quantities are equal in weight to 
the animal’s body. Recovery from posthypophysectomy diuresis is 
usually noted, but diuresis from administration of salt after hypophy- 
sectomy, once initiated, continues unchecked. Posterior pituitary pre- 
vents these saline aggravations of the diabetes. Fasting and diets 
low in sodium chloride suppress but do not entirely prevent the dia- 
betes. The suggestion is made by Swann and Penner * that the changes 
in the water metabolism in diabetes insipidus are secondary to changes 


75. van Creveld, S.: Glycogen Disease, Medicine 18:1-128 (Feb.) 1939. 
76. van Creveld and Snapper, cited by van Creveld.75 
77. Fisher, C.; Ingram, W. R., and Ranson, S. W.: Diabetes Insipidus and 
the Neuro-Hormonal Control of Water Balance: A Contribution to the Structure 
and Function of the Hypothalamico-Hypophyseal System, Ann Arbor, Mich., 
Edwards Brothers, Inc., 1938. 
78. Swann, H. G., and Penner, B. J.: The Effect of Salts on the Diabetes 
Insipidus Following Posthypophysectomy in the Rat, Endocrinology 24:253-259 
(Feb.) 1939; Sodium Chloride and Diabetes Insipidus, Am. J. Physiol. 126:341- 
346 (June) 1939. 
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in the metabolism of sodium chloride. Swann and Johnson *° observed 
further that thyroidectomy interfered only slightly, if at all, with an 
existing salt-aggravated diabetes insipidus in the rat, even when it 
caused the oxygen consumption to decrease 44 per cent. Clinically 
it is generally recognized that intake of sodium chloride affects signifi- 
cantly the severity of diabetes insipidus. In some few cases satisfactory 





control can be obtained by restriction of salt alone. In many more 
the effectiveness of posterior pituitary may be improved by restriction 
of salt. 
It is reported from France by Decourt and his associates *° that 
the water content of erythrocytes in cases of diabetes insipidus is 
increased from 4 to 6 per cent by injections of a solution of posterior 
pituitary. This increase occurs without any appreciable hydremia of 
the plasma or parallel increase of the chlorides of the cells. The sub- 
ject demands further study. The observation suggests that one effect 
of posterior pituitary is on the capacity for binding water of the intra- 
cellular colloids of the tissues in general. 
A case of diabetes insipidus reported by Bernstein and co-workers ** 
is of interest in that necropsy revealed the hypophysis and infundibulum 
to be invaded by metastatic carcinoma with complete sparing of the 
hypothalamus. 
Diabetes insipidus and diabetes mellitus are rarely encountered in 
the same case. A review of the literature by Greene and Gibson * 
revealed only 20 examples. Greene and Gibson added another in which 
pregnancy was associated with the simultaneous development of both 
diabetes mellitus and diabetes insipidus. Injection of a solution of 
posterior pituitary induced labor. Another instance of the coexistence 
of diabetes mellitus and diabetes insipidus was reported by Rutledge 
and Rynearson.®* In the same report attention was again called to 
79. Swann, H. G., and Johnson, P. E.: Thyroid Function in Diabetes Insipidus 
in the Rat, Endocrinology 24:397-403 (March) 1939. 
80. Decourt, J.; Guillaumin, C. O., and Bernard, J.: Variations de l’hydrémic 
globulaire et plasmatique sous l’influence de l’extrait post-hypophysaire dans deux 
cas de diabéte insipide, Presse méd. 47:795 (May 24) 1939. 
81. Bernstein, M.; Moore, M. T., and Fishback, D. B.: Diabetes Insipidus as a 
Sign of Metastatic Involvement of the Supraopticohypophysial System, Arch. Int. 
Med. 62:604-617 (Oct.) 1938. 

82. Greene, J. A., and Gibson, R. B.: Co-Existence of Diabetes Mellitus and 
Diabetes Insipidus, J. Lab. & Clin. Med. 24:455-457 (Feb.) 1939. 
83. Rutledge, D. I., and Rynearson, E. H.: Diabetes Insipidus: I. Co-Existence 
of Diabetes Mellitus and Diabetes Insipidus; II. Treatment by Insufflations of 
Powdered Posterior Pituitary Substance, Proc. Staff Meet., Mayo Clin. 14:441-446 
(July 12) 1939, 
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the value of insufflation of desiccated posterior pituitary in the 


eat- 
ment of diabetes insipidus. This type of therapy received attentio 
in an earlier review.’* 
GOUT 
Gout is included among the subjects considered in the fifth “rheu- 
matism review” prepared by the editorial committee of the America 
Rheumatism Association.** A sixth “rheumatism review” is scheduled 
for publication early in 1940. These extensive papers cover the sub 
ject of gout more adequately than we have space to do and are accom 
panied by critical editorial comments. Since they are readily availabl 
to most of our readers, those interested are referred to them. 
Little progress has been made in the study of gout. The etiology 
of this disease is still obscure, and even the established causes ar 
ill defined. The diagnosis is attended with uncertainty in many cases; 
recent papers on the beneficial effect of purine-free diets and diets 
low in fat and high in carbohydrate represent restatements, for th 
most part, of what has been known for many years. The subject 
received editorial comment in the Lancet.*® The lack of progress is 
attributed largely to lack of interest. The whole field lies fallow, await 
ing some such discovery as occurred in relation to diabetes and per 
nicious anemia. 
Worthy of comment is a paper by Price,*® who again called atten 
tion to the provocation of gout by diuresis induced with salyrgan. Fiv 
cases were described in which there was a history of gout and 
which attacks of gout followed administration of salyrgan. As salyrgan 
usually is given to patients with cardiac failure, the outcome of th 
complication is generally unfortunate. The suggestion is offered that 
either gout develops only after forced diuresis in a patient already 
the terminal stages of cardiac failure or the attack has some deleterious 
action on the heart. In either case the wisdom of using mercurial 
diuretics for patients giving a history of gout is questioned. 


OBESITY 


A near record in therapeutic reduction of weight was reported by 


Short.** His patient, a woman aged 32 years, was reduced from 395 


84. Hench, P. S.; Bauer, W.; Dowson, M. H.; Hall, F.; Holbrook, P., and 
Key, J. A.: The Problem of “Rheumatism” and Arthritis: Review of Americar 
and English Literature for 1937 (Fifth Rheumatism Review; Part II.), Ann. Int 
Med. 12:1295-1374 (Feb.) 1939. 

85. Gout, editorial, Lancet 1:35 (Jan. 7) 1939. 

86. Price, N. L.: Gout Following Salyrgan Diuresis, Lancet 1:22-23 (Jar 
1939, 

87. Short, J. J.: Extreme Obesity Followed by Therapeutic Reduction of Two 
Hundred and Thirty-Nine Pounds, J. A. M. A. 111:2196-2197 (Dec. 10) 1938 
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pounds (180 Kg.) to 156% pounds (71 Kg.) in twenty months. There 


progressive improvement in health throughout the period and 


Wa 
later. The diet was of the type proposed by Strang and Evans.** Less 
than 600 calories were given, but supplementary vitamins were used 


in concentrated forms. Thyroid was used in the latter part of the 
period, the comment being made that thyroid is not well tolerated 
early because the metabolism in obesity actually is elevated. The eleva- 
tion is in proportion to the increased surface area. In the case under 
liscussion the production of heat was originally 56 per cent greater 
than what would be normal for a person of the patient’s height and 
age if she were at normal weight. Such production of heat would be 
encountered in a person of normal weight with hyperthyroidism, the 
basal metabolic rate being + 56 per cent. Many patients who are 
overweight exhibit symptoms also found with hyperthyroidism, namely, 
hypertension, tachycardia and diminished tolerance of dextrose. These 
symptoms may be directly related to the hypermetabolism. 

\n interesting discussion of the causes of obesity is contained in 


a paper by Greene,*® in which observations were made on 350 patients. 
[he high percentage of patients (67.5) who gave a history of dimin- 
ished activity while they were gaining weight indicates, according to 
Greene, that in many cases “endogenous” obesity would be eliminated 
by a more detailed history. The story of increased intake of food, 
on the other hand, was obtained in only 3.2 per cent of the patients. 
The etiologic role of alterations in the thyroid, pituitary and ovarian 
secretions or of lesions in the hypothalamus was regarded as doubtful 
in all but very few cases. Diets low in calories were followed for an 
adequate time by 146 of the patients with satisfactory loss of weight, 
irrespective of whether the obesity was associated at the onset with 


a glandular disturbance or with chronic encephalitis. 


XANTHOMATOSIS (LIPOID DISEASE ) 

Miuller,°° prompted by investigations of Harbitz into the deposition 
of xanthomatous substances in the body and aware of the frequent 
occurrence of angina pectoris in patients with cutaneous xanthoma 
tuberosum, was impressed with the familial character of the associ- 
ation. In two years he has collected 76 cases of xanthomatosis in 
only 17 families. In 68 of the patients signs of heart disease were 

88. Strang and Evans, cited by Short.87 

89. Greene, J. A.: Clinical Study of the Etiology of Obesity, Ann. Int. Med 
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found and in 59 of these angina pectoris. It seems to be Miiller’s 
opinion that xanthomatous deposits in the coronary arteries accounted 
for the angina, and that in 5 patients similar deposits on the valves 
of the heart were responsible for the valvular disorders. Most of the 
patients were in business or professions. Not one was of the “working 
classes,” although much of Miller’s practice is among persons of the 
working class. 

This observation reported by Muller 
unusual importancce. Interest in this disease has been limited, here- 
tofore, largely to our colleagues in dermatology. It clearly is a con- 
dition which demands more general attention, as was emphasized in 


impresses us as being of 


an earlier review.°° The full-blown disease may involve many organs; 
the damage it does depends on the location of the accumulations of 
lipoid. In a case reported by Layani and associates ** the extent of 
xanthomatous accumulations was remarkable. There were manifesta- 
tions of (1) osteoarthrosis (lipoid material with doubly refracting 
crystals was aspirated from joints), (2) biliary xanthoma with cir- 
rhosis, (3) cutaneous xanthoma tuberosum, (4) vascular xanthoma 
with atherosclerosis and (5) hyperlipoidemia. The values for b!ood 
lipoids were: total lipoid, 4.880 Gm. per hundred cubic centimeters; 
cholesterol, 1.340 Gm.; cholesterol esters, 0.389 Gm.; phospholipoid, 
0.788 Gm. 

This disease has been observed in a number of patients with diabetes 
mellitus, but its occurrence is by no means limited to such patients. 
In Layani’s *™ case the values of the blood sugar during fasting were 
normal, and no other evidence of diabetes could be obtained. Layani 
and his associates **” were inclined to the view that xanthomatosis 
depends on abnormal metabolic activity of the reticulo-endothelial cell. 
They ascribed, however, a dynamic component to this, considering 
that the abnormality involves something more than simple engorge- 
ment with lipoid. They further suggested that an allergic influence 
may be involved, an opinion based on studies made by Schmidt.” 
Schmidt, using sensitized animals for the experimental production of 
xanthomatosis, was able in a few days (two weeks) and with relatively 
small doses of cholesterol to obtain a degree of lipoid infiltration of 
arteries which otherwise with larger doses of cholesterol would occur 
only after several months. 





91. (a) Layani, F.: Le rhumatisme chronique déformant xanthomateux, Bull. et 
mém. Soc. méd. d. hop. de Paris 55:343-355 (March 13) 1939. (b) Layani, F.; 
Laudat, M., and Astruc, P.: Sur un cas de maladie xanthomateuse, ibid. 55:355- 
367 (March 13) 1939. 


92. Schmidt, H., cited by Layani, Laudat and Astruc.®! 
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II. NUTRITION 
By Dr. Butt 
[he greatest efforts in the field of nutrition during the past year 
have continued to be directed toward a further study of the chemical 
and physiologic properties of the vitamins and also toward clinical 
application of this knowledge. The magnitude of these efforts pro- 
hibits complete survey of each field of nutrition and thus limits the 


present review to those studies which are of most interest to clinicians. 


Of the many interesting advances in the work on nutrition during 
the past year, the isolation and the synthesis of vitamins B, and K 
and the therapeutic application of vitamins B,, K and riboflavin have 
been perhaps the most outstanding. Many other advances in the study 
of nutrition have afforded a new outlook on several diseases, and these 
will be considered. 

VITAMIN A 

Chemical and Physiologic Properties—In addition to vitamin A, 
vitamin A, has been reported, and during the past year most advances 
in the chemical investigation of vitamin A have concerned its partner, 
vitamin A,. Biologically, vitamins A (A,) and A, are the same; 
chemically, they are different.®* 

In addition to the large amounts of vitamin A found in the liver 
oils of fish, Lovern and Morton ** demonstrated the presence of large 
deposits in the tunica propria of the mucosa of the intestines of fish. 


Lease and his associates *° reported that pure carotene, vitamin A and 
precursors of vitamin A are destroyed in rancid fats and that heating 
of fats to the temperatures which are used frequently in cooking 
destroys vitamin A to some extent; however, to what extent harmful 
rancidity develops during storage of food awaiting sale and consump- 
tion remains to be established. 

In an excellent study dealing with the effects of various amounts 
of ingested liquid petrolatum on the absorption of carotene from the 
gastrointestinal tract in man, Curtis and Kline *® showed that liquid 
petrolatum, given in amounts of 20 cc. three times daily or twice daily 
before meals, or mixed with carotene, prevents absorption of carotene 
from ingested materials. Interesting enough, little, if any, effect on 

93. Gillam, A. E.: The Vitamin A: and Az Contents of Mammalian and Other 
Animal Livers, Biochem. J. 32:1496-1500 (Sept.) 1938. 

94. Lovern, J. A., and Morton, R. A.: The Distribution of Vitamins A and Ag: 
III, Biochem. J. 33:330-337 (March) 1939. 

95. Lease, E. J.; Lease, J. G.; Weber, J., and Steenbock, H.: Destruction of 
Vitamin A by Rancid Fats, J. Nutrition 16:571-583 (Dec.) 1938. 

96. Curtis, A. C., and Kline, E. M.: Influence of Liquid Petrolatum on Blood 
Content of Carotene in Human Beings, Arch. Int. Med. 68:54-63 (Jan.) 1939. 
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the concentration of carotene in the blood was demonstrated when 
liquid petrolatum was given in a single dose of 30 cc. at bedtime. 
This study emphasized the importance of not giving liquid petrolatum 
at any time of day when it may be mixed with food in the gast: 
intestinal tract. Andersen ® has reported similar studies. 

Herfort ** made an interesting study on the effect of vitamin A 
on pancreatic secretion. He reported that the secretion of the pancreas 
produced by ingestion of 80 units of secretin was no greater than 
that produced by ingestion of 20,000 units of vitamin A. The effect 
on secretion was noticed ten to fifteen minutes after ingestion and 
lasted forty to fifty minutes. Vitamin A administered intramuscularly 
produced the same results, but more slowly. Vitamin D had no sucl 
effect. 

From several sources it appears that the distribution of vitamin A 
in the circulating blood and tissues is controlled in part by the nervous 
system. Direct excitation of the pneumogastric nerve causes discharg: 
of vitamin A into the circulating blood,®® and if animals are excited 
the content of vitamin A in the blood is greater than normal.?°° 

Effect of Deficiency on Nervous System.—Deficiency of vitamin 
A apparently has a profound effect on the nervous system. Mellanby 
was able to produce deafness in young puppies by a diet deficient in 
vitamin A, and in the labyrinths of these animals degeneration of the 
cochlear neurons was the most obvious pathologic change. The work 
on rats by Irving and Richards*® indicates that degeneration of the 
medulla oblongata is one of the fundamental lesions of vitamin A 
deficiency. 

Vitamin A Requirements of Man.—The exact minimal vitamin A 
requirement of man is still unknown. Booher and his associates,’ 
97. Andersen, O.: Effect of Administration of Liquid Paraffin on the Absorptio 
of Vitamin A in Human Subjects, Hospitalstid. (supp.) 81:29-41, 1938; abstracted 
Nutrition Abstr. & Rev. 8:750 (Jan.) 1939. 

98. Herfort, K.: L’influence de la vitamine A sur la sécrétion externe 
pancréas, Acta med. Scandinav. 96:425-437, 1938. 

99. Chevallier, A.: Les facteurs de variation de la réserve hépatique en vitamin 
A (en particulier l’influence du systéme nerveux), Nutrition 7:143-146, 1937. 

100. Troitzki, G. V.: Influence of the Nerves on the Vitamin A Content of 
Blood, Bull. biol. méd. exper. U. S. S. R. 5:360-362, 1938; abstracted, Nutritio: 
Abstr. & Rev. 8:601 (Jan.) 1939. 

101. Mellanby, E.: The Experimental Production of Deafness in Young A1 
mals by Diet, J. Physiol. 94:380-398 (Dec. 14) 1938. 

102. Irving, J. T., and Richards, M. B.: Early Lesions of Vitamin A Defi 
ciency, J. Physiol. 94:307-321 (Dec. 14) 1938. 

103. Booher, L. E.; Callison, E. C., and Hewston, E. M.: An Experimental 
Determination of the Minimum Vitamin A Requirements of Normal Adults, ] 
Nutrition 17:317-331 (April) 1939. 
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tudy of 5 adult persons maintained on weighed diets adequate 
known food essentials except vitamin A, found that an average 
ntake of vitamin A of not more than 103 international (U. S. P. 
XI) units resulted in unmistakable signs of impaired adaptation to 


ma 


dark. The daily intake of vitamin A in the form of cod liver oil plus 


al 
vitamin A supplied by the food which was necessary for the main- 
tenance of normal adaptation to dark varied in the 5 persons studied 


between the limits of 25 and 55 international units per kilogram of 
ody weight; the daily intake of carotene expressed in terms of inter- 
national units of vitamin A varied in the 5 persons studied between 
the limits of 43 and 103 per kilogram of body weight. Unit for unit 
the carotene and cottonseed oil were about 50 to 60 per cent as effective 
in supporting normal adaptation to dark as vitamin A in the form of 
cod liver oil. McKenzie ?°* also suggested that vitamin A exerts a 
more rapid and powerful action in causing disappearance of clinical 
signs of vitamin A deficiency than vegetable carotene, and Mead 
ind Underhill and Coward ?°* found vitamin A to be twice as effective 
as betacarotene. No untoward effects from overdoses of vitamin A 
have been reported. Haig and his associates '°’ have given as much 
as 500,000 units of vitamin A in a single dose without ill effect. 

Effect on Specific Organs—(a) Eyes: The heated argument con- 
cerning the merits of adaptation to darkness as a test for vitamin A 
leficiency continues. This, as Josephs *°° well stated, may be due to 
he fact that we have not yet a method for determining deficient stor- 
age of vitamin A. Night blindness continued to be treated success- 
fully with vitamin A by Vaillant and Gillis,*°’ and others ‘*° reempha- 
sized that the measurements of adaptation to dark made under critically 
104. McKenzie, A.: An Examination of Vitamin A Deficiency Among African 
Natives by the Visual Dysadaptation Test, Tr. Roy. Soc. Trop. Med. & Hyg. 32: 
717-728 (April) 1939. 

105. Mead, T. H.: Crystalline Esters of Vitamin A: I. Preparation and Prop 
erties, Biochem. J. 33:589-594 (April) 1939. 

106. Underhill, S. W. F., and Coward, K. H.: Crystalline Esters of Vitamin 
\: IL. Biological Potency, Biochem. J. 33:594-600 (April) 1939. 

107. Haig, C.; Hecht, S., and Patek, A. J. Jr.: Vitamin A and Rod-Cone Dark 
\daptation in Cirrhosis of the Liver, Science 87:534-536 (June 10) 1938. 

108. Josephs, H. W.: Studies in Vitamin A: Relation of Vitamin A and Caro- 
tene to Serum Lipids, Bull. Johns Hopkins Hosp. 65:112-124 (July) 1939. 

109. Vaillant, C., and Gillis, L.: Night-Blindness Treated with Vitamin A. 
Lancet 1:149-150 (Jan. 21) 1939. 

110. Hecht, S., and Mandelbaum, J.: The Relation Between Vitamin A and 
Dark Adaptation, J. A. M. A. 112:1910-1916 (May 13) 1939. Caussade, L.; 
Neimann, N.; Thomas, C., and Davidsohn: Recherches sur les tests oculaires 
dhypovitaminose A chez les enfants d’age scolaire, Rev. franc. de pédiat. 14:209- 
223, 1938; abstracted, J. A. M. A. 112:676 (Feb. 18) 1939. 
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standardized conditions can be used as an aid in diagnosis of avitamin- 
osis A whether this is produced by lack of vitamin A in the diet or 
by functional disarrangements in the flow of vitamin A from the diet 
to the retina. New photometers and rapid visual tests for measuring 
the rate of adaptation to dark were described by Thomson, Griffith 
and associates’ and Pett,'* but others, among them Snelling,'® stil] 
contended that the results obtained by using the biophotometer are too 
inconsistent to allow one to regard it as a satisfactory instrument for 
measuring vitamin A nutrition. 

It is extremely interesting that although pathologic adaptation to 
dark is noted often among patients with various diseases and in various 
states of undernutrition, yet results of attempts to produce pure vitamin 
A deficiency in man as measured by adaptation to dark have been for 
the most part controversial. Jung and Isaacs 
3 students who were placed on a diet deficient in vitamin A for one 
month. Adaptation to darkness was measured five times a week on 


44 reported a study on 


the new Hecht adaptometer. Many fluctuations were noted during 
the month, but the normal control curves had the same drift. Doses 
of vitamin A up to 300,000 international units showed no effect on the 
measurements obtained by adaptometer. After fifty-four days on the 
deficient diet, the students continued to take vitamin A for one month 
at a larger dosage, but still no effect on the adaptation curves was 
observed. These authors concluded that it was unlikely that the mea- 
surement of adaptation to darkness provided a way of measuring the 
nutrition status of persons with respect to vitamin A. 

Steffens and his associates 14° reported that the thresholds of light 
intensity and the curves of adaptation to dark of 3 healthy adults were 
not affected signifiantly during their maintenance on a diet very low in 
vitamin A over periods of forty-four, one hundred and sixty and one 
hundred and ninety days, respectively. They reported that the per- 
sons studied were able to withstand considerable periods of deficiency 
in intake of vitamin A so far as concerned significant changes in retinal 
sensitivity. They did find, however, that microscopic examination of 








111. Thomson, A. M.; Griffith, H. D.; Mutch, J. R.; Lubbock, D. M.; Owen, 
E. C., and Logaras, J.: A Study of Diet in Relation to Health; Dark Adaptation 
as an Index of Adequate Vitamin A Intake; II. A New Photometer for Measur- 
ing Rate of Dark Adaptation, Brit. J. Ophth. 23:461-478 (July) 1939. 
112. Pett, L. B.: A Rapid Visual Test for Vitamin A Deficiency, Nature, 
London 143:23 (Jan. 7) 1939. 
113. Snelling, C. E.: The Biophotometer as a Test for Vitamin A Deficiency, 
J. Pediat. 13:506-509 (Oct.) 1938. 
114. Jung, F. T., and Isaacs, B. L.: Measurement of Vitamin A Deficiency in 
Man, Proc. Inst. Med. Chicago 12:317-318 (March 15) 1939. 
115. Steffens, L. F.; Bair, H. L., and Sheard, C.: Photometric Measurements 
on Visual Adaptation in Normal Adults on Diets Deficient in Vitamin A, Proc 
Staff Meet., Mayo Clin. 14:698-704 (Nov. 1) 1939. 
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the skin of the subject who was on a diet low in vitamin A for one 
hundred and ninety days revealed changes which generally occur in 
the late stages of A avitaminosis. The authors suggested that the 
normal values of sensitivity to light may be maintained over a consider- 
able period of time, perhaps through the utilization of carotene in 
vitamin A previously deposited in the skin and fatty tissues, and that 
the minimal requirements of these substances for proper visual func- 
tion may be much less than has been believed heretofore. 

In contrast to these studies, Wald and Steven **® reported an excel- 
lent study on a subject whose diet was deficient in vitamin A, in which 
adaptation to darkness was measured. They found that each day of 
the deficient diet a constant fraction of what rhodopsin and vitamin A 
remained was lost. These investigators stated that vitamin A is the 
precursor of photopigments in addition to rhodopsin. They further 
demonstrated that: 


The first observable symptom of vitamin A-deficiency in man and other mam- 
mals is a rise of visual threshold known as night-blindness. This response is 
based at least in part on the direct participation of vitamin A in a retinal cycle 
with the photosensitive pigment of the rods, rhodopsin. . . . As the level of 
vitamin A falls on a deficient diet, the concentrations of all components of the 
retinal cycle, including rhodopsin, decrease and the visual threshold reciprocally 
rises. 

(b) Liver: It has been well established that the liver enacts a major 
role in the metabolism of vitamin A, but the exact manner in which this 
is accomplished is still unknown. 

Thorbjarnarson and Drummond‘ reported that the storage of 
vitamin A and its subsequent deposit in the liver of the rat are facilitated 
by the presence of fat in the diet and further that on giving choline to 
rats they noted a rapid depletion of the vitamin A reserve. This sug- 
gests that fat leaving the liver in response to choline takes some vitamin 
A with it. Lease and Steenbock *4* were unable to confirm these obser- 
vations. 

As early as 1895 Hori **® had made the clinical observation that not 
infrequently night blindness and keratomalacia accompany disease of the 
liver, and forty years later Patek and Haig,'*® using modern methods 
116. Wald, G., and Steven, D.: An Experiment in Human Vitamin A-Defi- 
ciency, Proc. Nat. Acad. Sc. 25:344-349 (July) 1939. 

117. Thorbjarnarson, T., and Drummond, J. C.: Conditions Influencing the 
Storage of Vitamin A in the Liver, Biochem. J. 32:5-9 (Jan.) 1938. 

118. Lease, E. J., and Steenbock, H.: Diet and Rate of Depletion of Hepatic 
Vitamin A, J. Nutrition 17:85-90 (Jan.) 1939. 

119. Hori, cited by Haig, Hecht and Patek.1° 

120. Patek, A. J., Jr., and Haig, C.: The Occurrence of Abnormal Dark Adap- 
tation and Its Relation to Vitamin A Metabolism in Patients with Cirrhosis of the 
Liver, J. Clin. Investigation 18:609-616 (Sept.) 1939. 
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of measuring vitamin A deficiency, reported that 19 of 24 patients with 
alcoholic cirrhosis without jaundice had subnormal powers of adapta- 
tion to darkness, which improved on adequate administration of vitamins, 
Others have repeatedly demonstrated that the vitamin A in the liver 
and in the blood *** of patients with severe hepatic injury is nearly always 
markedly decreased, while in the urine it is increased.1** 

Monceaux *** suggested that since pathologic conditions of the liver 
result in incomplete transformation of carotene into vitamin A, fish liver 
oils should be given preference over carotene in the treatment of hepatic 
disease. 

Of some interest is the observation '*° that injections of insulin lead 
to a diminution in the vitamin A content of the liver of the normal guinea 
pig, and less of the vitamin A fed is stored in the animal treated with 
insulin than in the untreated one. The conversion of carotene to vitamin 
A is said to be stimulated by insulin. 

(c) Epithelium: A majority of investigators have failed to find any 
relation between the presence of stones in the urinary tract and a diet 
deficient in vitamin A; however, Ezickson and Feldman ?*° have found 
a high percentage of persons with urinary lithiasis to have a deficiency 
of vitamin A. Renal and ureteral calculi were produced in 9 of 35 guinea 
pigs on a diet deficient in vitamin A. This deficiency apparently causes 
hyperplasia, then metaplasia and finally atrophy of the pelvic and 
ureteral mucosa. Large plaques of desquamated epithelium apparently 
acted as nidi for the development of calculi. The stones produced in 
the animals were made of calcium carbonate; there was no evidence of 


121. Moore, T.: Vitamin A and Carotene: XIII. The Vitamin A Reserve of 
the Adult Human Being in Health and Disease, Biochem. J. 31:155-164 (Jan 
1937. 

122. Chevallier, A.; Olmer, J., and Vague, J.: Sur la valeur diagnostique et 
pronostique du taux de I’hémovitamine au cours des hépatites, Bull. et mém. Soc 
méd. d. hop. de Paris 55:928-932 (June 19) 1939. Lasch, F.: Ueber den Vitamin 
A-Spiegel im Blute bei Leberkrankheiten, Klin. Wchnschr. 17:1107-1108 (Aug 
1938. 

123. Boller, R.; Brunner, O., and Brodaty, E.: Ueber die Ausscheidung vor 
Vitamin A im Harn, Wien. Arch. f. inn. Med. 31:1-22, 1937. 

124. Monceaux, R. H.: Difficulté de transformation du caroténe en facteur A 
au cours de nombreux états pathologiques; conséquences thérapeutiques, J. di 
pharm. et chim. 28:297-302, 1938; abstracted, Nutrition Abstr. & Rev. 8:1062 
(April) 1939. 

125. Bauereisen, E.: Untersuchungen tiber den Einfluss des Insulins auf 
Carotin-Vitamin-A-Bestande der Leber, Endokrinologie 21:247-252, 1939. 

126. Ezickson, W. J., and Feldman, J. B.: Further Studies of Vitamin A Defi- 
ciency in Individuals with Urinary Lithiasis: A Report of Further Clinical Studies 
and Investigations on Thirty-Six Patients, Urol. & Cutan. Rev. 43:302-304 (May) 
1939, 
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ction.’** Although this work has not been accepted generally, it 


28 


may, as stated in a recent article,'** shed light on the causation of clinical 
urolithiasis. 

In several reports during the past year mention was made of the 
efficacy of vitamin A in the treatment of cutaneous diseases in man.'*° 
Opper **° produced vascular disease in rats by multiple depletion of 
vitamin A. The vascular disease apparently was due to the loss of 
elasticity, the formation of firm intramural plaques and the tortuosity of 
the vessels. 

Micro-ophthalmia has been noted in rats whose mothers were on a 
diet depleted in vitamin A,** and Mutch and Richards *** observed 
keratoconus as a sequel to acute xerophthalmia in rats on a diet deficient 
in vitamin A. Spies *** reported that among 50 patients with long-con- 
tinued dietary deprivation there developed photophobia, burning and 
itching of the eyes, and redness, which were corrected by the adminis- 
tration of vitamin A. 

(d) Thyroid: A number of years ago Fasold and Heidemann *** 
noted that the milk from goats, which is normally pure white, is yellowish 
after thyroidectomy, notwithstanding the fact that the diet is normal. 
lhe latter color is due to failure to convert carotene into vitamin A. A 
few years later it was suggested that the thyroid hormone was essential 
for the conversion of carotene and also for the storage of vitamin A in 
the liver. Later carotenemia was observed in cases of hyperthyroidism,’ 

and striking general improvement of patients with hyperthyroidism fol 
lowed the administration of diets rich in vitamin A.’*° It has been 


127. Steiner, M.; Zuger, B., and Kramer, B.: Production of Renal Calculi 
in Guinea Pigs by Feeding Them a Diet Deficient in Vitamin A, Arch. Path. 27: 
104-114 (Jan.) 1939. 
128. Renal Calculi in Vitamin A Deficiency, Current Comment, J. A. M. A. 
112:1595 (April 22) 1939. 
129. Rao, M. V. R.: Treatment of Phrynoderma by Vitamin-A Concentrate, 
Indian M. Gaz. 73:461-463, 1938. 
130. Opper, L.: Experimental Vascular Disease in Rats Produced by Multiple 
Depletions of Vitamin A, Proc. Soc. Exper. Biol. & Med. 40:449-450 (March) 
1939 

131. Browman, L. G.: The Reproductive Performance of Albino Rats with 
Previous Vitamin A Depletion Histories, Am. J. Physiol. 125:335-338 (Feb.) 1939 
32. Mutch, J. R., and Richards, M. B.: Keratoconus Experimentally Produced 
e Rat by Vitamin A Deficiency, Brit. J. Ophth. 23:381-387 (June) 1939. 
33. Spies, T. D.: A Note on the Ocular Symptoms Occurring from Malnutri- 
tion in Human Beings, Am. J. M. Sc. 198:40-41 (July) 1939. 

134. Fasold, H., and Heidemann, E. R.: Ueber die Gelbfarbung der Milch 
thyreopriver Ziegen, Ztschr. f. d. ges. exper. Med. 92:53-56, 1933. 
135. Anderson, H. H., and Soley, M. H.: The Effects of Carotenemia on the 
Function of the Thyroid and the Liver, Am. J. M. Sc. 195:313-318 (March) 1938. 
136. Soskin, S., and Mirsky, I. A.: Medical Treatment of Hyperthyroidism with 
High Fat Diet, J. A. M. A. 110:1337-1338 (April 23) 1938. 
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reported repeatedly that the vitamin A in the blood of cretins is of 
decreased concentration or absent, whereas the value for carotene usually 
is high. From this, it may be assumed that the insufficiency of the 
thyroid prohibits the conversion of carotene into vitamin A. Histologic 
experiments on rats’ livers revealed a definite antagonism between 
thyroxin and vitamin A in regard to glycogen content and the number 
of mitotic figures,’** and the decline in concentration of serum lipase 
which follows the injection of thyroxin into rats can be prevented by 
the injection of vitamin A.*** Wohl and Feldman **° in a clinical study, 
using adaptation to dark, showed that hyperthyroidism depletes and 
destroys vitamin A reserve, as evidenced by pathologic adaptation to dark 
in 18 of 20 patients with thyrotoxicosis. Six patients with autonomic 
imbalance had normal adaptation to dark despite elevated basal metabolic 
rates, and 7 patients with hypothyroidism had markedly pathologic adap- 
tation. The conclusion drawn from these studies is that the thyroid 
hormone is essential for the conversion and storage of vitamin A. 


Vitamin A in Health and Disease-—Clausen and McCoord **° 
reported that carotene and xanthophyll may pass through the placenta 
to the fetus and that vitamin A itself may follow a similar course. They 
also found that normal infants and older persons could readily absorb 
carotene from the diet but that the rate of absorption is slower than the 
rate of absorption of vitamin A. They suggested that the lowered con- 
centration of carotene found in infants during the first six months of 
life and in the winter months might be due to the low carotenoid content 
of the diet in early infancy and in the winter months. The mean con- 
centration of vitamin A in the plasma of normal man apparently reaches 
a constant level soon after birth and then is not affected by season. The 
fall of concentration of vitamin A in the plasma noted during various 
infectious diseases is probably the result in part of a low intake of vitamin 
A and in part of fever. A few days after the temperature becomes 
normal the vitamin A content of the plasma may even rise considerably 


above the normal level. 


137. Wegelin, C.: On the Antagonism Between Thyroxine and Vitamin A, 
West. J. Surg. 47:147-154 (March) 1939, 

138. Térék, G.: Antagonism Between Thyroxine and Vitamins A and C, 
Magyar orvosi arch. 39:315-324, 1938. 

139. Wohl, M. G., and Feldman, J. B.: Vitamin A Deficiency in Disease of 
the Thyroid Gland: Its Detection by Dark Adaptation, Endocrinology 24:389-396 
(March) 1939. 

140. Clausen, S. W., and McCoord, A. B.: The Carotinoids and Vitamin A of 
the Blood, J. Pediat. 13:635-650 (Nov.) 1938. 








WILDER ET AL—METABOLISM AND NUTRITION 425 


Descriptions of the various methods used for measuring vitamin A 
need not be given here but can be found in several recent publications.” 

Youmans,?** in a review of the literature on clinical disorders result- 
ing from deficiency of vitamin A, pointed out that it is probable that the 
greatest incidence of vitamin A deficiency in practice occurs in patients 
in whom the deficiency is a complication rather than an independent dis- 
order. Many articles continue to appear concerning the level of vitamin 
\ in the blood and urine of patients with many diseases, but the exact 
significance of the findings cannot yet be interpreted properly. Getz and 
his associates *** found that in 53 per cent of tuberculous persons tested 
there was a deficiency of vitamin A and that this deficiency paralleled 
the severity of the tuberculosis. Kluth *** even found vitamin A of some 
value in treatment for gastritis and gastric and duodenal ulcers. A full 
discussion of the effect of vitamin A on various gastrointestinal disorders 
is given in a recent monograph by Lindqvist.**® 

Abbott and his associates *° showed that the differential leukocyte 
count might be of value in diagnosing deficiency of vitamin A in man. 
In a study of the differential leukocyte counts of 157 persons whose diets 
and symptoms indicated vitamin A deficiency they noted rather charac- 
teristic changes in the blood picture. 


VITAMIN B COMPLEX 


The vitamin B complex continues to be the most baffling and most 
interesting field for research on vitamins. One of the most significant 
advances in this field during the past year was the demonstration by 
Jukes **7 and by Woolley and his associates *** that the filtrate factor 

141. Hedberg, J., and Lindqvist, T.: Untersuchungen iiber das Vitamin A bei 
chronischen Nephriten, Acta med. Scandinav. (supp.) 90:231-247, 1938. Lanzing, 
J. C.: Determination of Vitamin A and Carotenoids in One to Two Cubic Centi- 
meters of Blood, Geneesk. tijdschr. v. Nederl.-Indié 78:3135-3144 (Dec. 13) 1938. 

142. Youmans, J. B.: Newer Clinical Aspects of Vitamin Deficiency Diseases: 
Vitamin A Deficiency, Am. J. Trop. Med. 19: 229-242 (May) 1939. 
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(chick antidermatitis factor) is identical with pantothenic acid. P; 
thenic acid is a substance which will greatly stimulate growth of ycasi 
and which is of great importance in normal plant metabolism. Woolley 
and his associates found that pantothenic acid in addition to being ; 
stimulant to growth of yeast is also a product of this growth. Thes 
authors pointed out that a similar situation exists with respect to thiamin 
(vitamin B,), which may be both a stimulant to, and a product of, the 
growth of yeast. 

Oleson and his associates‘**® and Frost and Elvehjem?° again 
reported that factor W is an essential factor for the rat, and Wyatt 
found some other new factors of the vitamin B complex which are neces 
sary for the normal metabolism of the rat. Stokstad and Manning 
discovered a new growth factor, called factor U, which is present in large 
amounts in alfalfa and is necessary for normal growth of the chick. 
Bauernfeind and his co-workers *** reported a new factor required for 
growth and reproduction of the domestic fowl. 

In a study of 2 patients with pernicious anemia in relapse Heink 
and Miller *** observed that dried brewers’ yeast apparently supplies an 
abundance of extrinsic factor and that pernicious anemia of certain 
patients may be corrected without specific therapy if an excess of this 
extrinsic factor is supplied. An excellent review of the whole problem 
of the relation of yeast and similar substances to the intrinsic and 
extrinsic factors in pernicious anemia and their effects in sprue and 
similar conditions was given by Rhoads *** at a recent conference on 
therapy. Several authors *** reported that the addition of yeast extract 
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to the diet of premature infants and young children is of considerable 

ie in accelerating gain of weight and production of hemoglobin. No 
eastrointestinal disturbances have accompanied the administration of 
veast extract in this group of cases. 

Vitamin B, (Thiamin).—(a) Chemical and Physiologic Properties: 
[he desirability of adopting synthetic vitamin B, hydrochloride as an 
nternational standard in place of the standard acid clay absorption 
product has become great. The National Institute for Medical 
Research ** in Hampstead, London, procured an adequate amount of 
the synthetic material, contributed by four manufacturing firms. The 
potency of this material was compared with that of the acid clay adsorp- 
tion product in laboratories in Europe, America and Japan by various 
biologic and chemical methods. The results obtained showed a satis- 
factory degree of concordance, and the International Conference on 
Vitamin Standardisation unanimously agreed to the recommendation 
“that the specimen of pure synthetic vitamin B, hydrochloride which had 
been thus investigated should be defined as the potency of 3 micro- 
grammes of the pure material.” This recommendation of the Inter- 
national Conference on Vitamin Standardisation was adopted by the 
Permanent Commission on Biological Standardisation of the League of 
Nations Health Organisation. The previous international standard prep- 


> 


aration, known as the standard adsorption product of vitamin B,, is now 
replaced, therefore, by the crystalline vitamin B, preparation. 

Peters, Sinclair and associates *°* found little vitamin B, (free or 
bound) in the plasma of man; most of that which was found was bound 
inside or on the erythrocytes and particularly on the polymorphonuclear 
leukocytes. Tauber *°® made the comment that vitamin B, is present 
in mammalian tissues as a pyrophosphoric ester and is converted to 
the active coenzyme vitamin B, pyrophosphate. 

During the past year there have been several studies concerning the 
excretion of ingested or injected thiamin chloride. Marrack and his 


160 


co-worker found that thiamin chloride injected intramuscularly into 
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human beings was excreted rapidly during the first three hours after 
injection and that in the second three hours there was relatively little 
increase over the amount passed in the control periods. They assumed 
that a certain amount of thiamin is excreted by the kidneys before there 
is time for it to be stored in the body. They did not find any relation 
between the volume of urine and the amount of thiamin excreted, 
Within twenty-four hours after oral administration of 10 mg. of thiamin 
chloride, Ritsert #*' observed that 4 to 7 per cent of the dose was in the 
urine and 7 to 30 per cent in the feces. With parenteral administration 
of this dose, the figures were approximately in reverse. Schroder *” 
found that after intravenous injection of thiamin chloride the greater 
part was excreted within the first two hours. He found further that 
gastric and duodenal juice alone had no destructive effect on thiamin 
chloride but that hemin, if present, caused considerable, and bile some, 
destruction. 

Richter and his associates,‘** in an interesting experiment on rats 
on a self-selected diet, found that animals on a diet deficient in vitamin B 
lost their appetite for carbohydrates and protein, whereas their appetite 
for fat increased. When yeast was made available to these rats, they 
consumed it eagerly, showing that vitamin-deficient animals reflect their 
needs in their appetites. The aversion of these animals toward protein 
is suggestive of some disturbance of protein utilization, and the authors 
suggested that some part of the vitamin B complex is needed for the 
intermediary metabolism of protein as well as of carbohydrate. 

Burke and McIntyre *** examined the insulin tolerance and the 
dextrose tolerance of albino rats being given normal diets, diets deficient 
in various combinations of the vitamin B factors and a normal diet 
supplemented by excess amounts of various vitamin B factors. When 
thiamin chloride was included in the diet of the rats, there was an 
increase in the hypoglycemic response to insulin. When a factor or 
factors present in “autoclaved, flavin-free rice polish concentrates” were 
included in the diet, the hypoglycemic effect of insulin was decreased. 
An excessive intake of the factor or factors in “autoclaved rice polish” 
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was found to increase the sugar tolerance of these animals. These 
experiments were done carefully, were well controlled and deserve 
further study. 

Villela 7° has been the first to report observation of thiamin chloride 
in the spinal fluid. Voit and Arnold *** found no effect on gastric 
secretion after prolonged administration of thiamin chloride under 
normal and pathologic conditions. 

(b) Vitamin B, Requirements of Man: It has been stated repeatedly 
that the American diet is deficient in thiamin chloride. Jolliffe *° 
reported that the American diet now contains only a third of the vitamin 
B, present in the American and English dietary of a century ago. 
Whether or not this diet still provides a reasonable margin of safety 
in this essential nutrient is a question which can be answered only when 
man’s approximate requirement of thiamin chloride is known and when 
the factors modifying this requirement have been established reasonably 
well. Some work had been carried out in Jolliffe’s laboratory which 
suggested that small persons continuously excrete more thiamin in the 
urine than larger persons maintained on the same intake of calories 
and thiamin chloride. The author pointed out that a large fraction of 
our population, particularly persons who spend per capita $2.00 per 
week for food, subsists on a dietary of borderline adequacy in vitamin 
B,. He suggested that beriberi in the United States usually is classified 
under a variety of misleading diagnoses, such as alcoholic, diabetic or 
metabolic polyneuritis. Williams *°* also pointed out that the American 
diets in which white bread, maize meal and cereal products supply a 
large part of the calories are near the borderline for beriberi. He sug- 
gested that the human requirement for prevention of beriberi is about 
1 mg. of vitamin B, for each 3,700 nonfat calories. For diets con- 
taining large proportions of starch and small proportions of fat, such 
as prevail for the great part of the working population of the world, 
the minimal daily requirement per adult is apparently about 0.6 mg., or 
200 international units, per day for an intake of 2,500 calories. 

Baker and her associates *® published the vitamin B, content of a 
number of foods in 1935 and again, during the past year, an important 
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article dealing with the vitamin B content of numerous other fo 
Mickelsen and his associates,‘*° in a rather extensive study, showed 
that American consumption of meat is able to supply a considerable 
fraction of the daily requirements of vitamin B,. This work demo: 
strated that meats are above the average in respect to their vitamin 
content and that they compare favorably with many foods whi 
ordinarily are considered potent sources of this vitamin. It is assum 
that the typical American diet contains about 7 per cent meat ; accordin; 
to calculations based on statistics of this sort, an average person secu) 
over 200 international units of vitamin B, each day from his intak 


of meat alone. The daily human requirement for vitamin B, has been 
placed at 200 to 500 international units. Therefore, even though meats 


are used in the diet to the extent of only 7 per cent, they are capa 
of supplying a third of the human requirement for vitamin B,. For 
instance, a pork chop, even when fried, may supply the total dail 
requirement of this vitamin! These authors studied the stability of 
the vitamin under various types of household cooking, and their results 
indicate that there is slight destruction of the vitamin during frying, 
but during roasting, broiling or stewing the destruction approaches 
50 per cent. 

From experimentation on dogs, Arnold and Elvehjem *"! suggest 
that if their results are applied to a man weighing 70 Kg. on a 3,000 
calory diet, he will require 187 to 250 international units of vitamin B 
daily. Morgan and Haynes,’ in a study of the vitamin B, content 
of humam milk as affected by ingestion of thiamin chloride, concluded 
that the vitamin B, content of human milk is controlled in the lower 
brackets by the vitamin B, content of the diet but that, as in cow’s 
milk, a maximal level exists, above which the content of vitamin B can 
not be raised even by massive doses of vitamin B,. This work indicates 
that to feed expectant mothers thiamin chloride in an effort to be certain 
that the infant receives more of this vitamin is a somewhat useless 
procedure. This is in marked contrast to the result obtained from 
work on vitamin C, which will be mentioned subsequently. 
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9 serious untoward reactions resulting from the use of thiamin 
le have been reported. Steinberg,’** however, during treatment 
we than 300 patients for chronic arthritis with large doses of 
in B,, noted definite ill effects in about 1 per cent of the patients 
800 to 1,200 international units of vitamin B, was given by the 
oute daily and 2,000 international units intravenously once a week. 


ported 3 cases in which vitamin B, therapy apparently caused the 


lopment of herpes zoster, with intense burning pain and irritation 
“peripheral nerve plates.” The pain and irritation ceased when 
min B, therapy was withdrawn. 

) Methods of Measuring Vitamin B,: During the past year much 
k has been directed toward perfecting a good test that would serve 


4 


is a measurement of vitamin B,.1'* Meiklejohn’s test for vitamin B,, 


ising growth of fungus as the measurement, in the hands of Sinclair +**® 
was not found to be very satisfactory. Melnick and Field,’*® in a series 

papers, described a quantitative test for thiamin chloride and also a 
hemical determination of vitamin B, which is specific for free thiamin 
but does not determine the quantity of vitamin in the phosphorated form. 
Using the methods which they described, they found that dried yeast 
ay contain as much as 75 per cent of its thiamin in the esterified form, 
while in polished rice and wheat germ the major portion exists as free 
vitamin B,. 

(d) Diagnosis and Treatment of Vitamin B, Deficiency Affecting 
Various Organs: 1. Central nervous system. There has been con- 
siderable controversy concerning the results of the use of thiamin 
hloride in the treatment for various neurologic disorders. Treatment 
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with thiamin chloride must be carried out on an adequately large and 
carefully controlled group of patients, and more results must be evaluate:| 
critically if more definite clinical facts are to be established. True poly- 
neuritis can be produced not only by diets in which there is partial 
deficiency of the entire vitamin B complex but also by those whic! 
are adequate in thiamin but lacking the other factors in the complex 
It seems fairly clear that vitamin B, deficiency is not the only etiologic 
factor in experimental nutritional polyneuritis of animals. Engel and 
Phillips +77 seldom observed neuropathologic changes in rats on a diet 
deficient in vitamin B,, and they concluded that uncomplicated beriberi 
was not accompanied by degeneration of peripheral nerves. They found 
that administration of betacarotene or percomorph oil together wit! 
riboflavin removed all evidence of pathologic changes in the peripheral 
nerves of vitamin B, in deficient chicks. Wintrobe and his associates 

also found that in pigs symptoms referable to the nervous system wer 
due apparently to deficiency of one or more other components of the 


vitamin B complex rather than to deficiency of thiamin chloride or of 
riboflavin alone. Jolliffe’*® brought this information together and 
attempted to ascertain the effect of vitamin B, and of the various factors 
modifying the response to thiamin chloride. For these studies they 


selected patients having mild polyneuritis which on the basis of history 
and of clinical characteristics was thought to be due to deficiency of 
vitamin B,. He too found that diets containing a constant amount of 
vitamin B, but rich in the entire vitamin B complex led to greate: 
improvement than did diets poor in vitamin B complex. The fraction 
of the complex responsible for this enhanced action of thiamin is not 
known. Evidence available indicates that it is not riboflavin or nicotinic 
acid and that it is not present in the highly concentrated fractions of 
liver extract effective in pernicious anemia. In the treatment of poly- 
neuritis phosphorated vitamin B, is apparently no more or no less effec- 
tive than thiamin chloride. 

The value of thiamin chloride in treatment for neuritis of pregnancy 
has been studied extensively by Schultze.*%° Among 750 pregnant 
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179. Jolliffe, N.: The Diagnosis, Treatment and Prevention of Vitamin B 
Deficiency, Bull. New York Acad. Med. 15:469-478 (July) 1939. 

180. Schultze, K. W.: Schwangerschaftsneuritis und B:-Vitamin, Zentralbl. { 
Gyniak. 62:2533-2538 (Nov. 12) 1938; abstracted, Nutrition Abstr. & Rev. 8:1067 
(April) 1939. 





WILDER ET AL—METABOLISM AND NUTRITION 433 


rien examined in one year, 60 had neuritis of pregnancy. ‘The first 
smptoms were painful twinges in the arms or legs; definite cramp, 

scular weakness and fatigue often followed; clumsiness of move- 
‘nt also was commonly noticed. Severe generalized polyneuritis was 
seer. as a rule only in association with hyperemesis gravidarum. Of 
the 60 patients treated by combined injection and oral administration 
of thiamin chloride, 37 had good results, 16 had fair results and 7 
showed the condition unchanged. These results are fairly good, but 
it must be remembered that 7 per cent of women who have neuritis 
during pregnancy will have a spontaneous cure after delivery. Hilde- 
brandt and Otto ?*! suggested that in the presence of severe paralytic 


symptoms during pregnancy the interruption of the pregnancy should 


be postponed until thorough treatment with thiamin chloride has been 
tried. Stahler '** attempted to show that the requirement of vitamin B, 
for the patient with polyneuritis of pregnancy is greater than normal. 
He observed that the amount of vitamin B, excreted in the urine after 
daily intramuscular injection of 10 mg. of the vitamin was less in preg- 
nant than in nonpregnant women and that in the presence of poly- 
neuritis of pregnancy the amount excreted was still smaller. Thus the 
amount needed to produce saturation was much greater for the patient 
with polyneuritis. 

It has been claimed that thiamin chloride is of some value in the 
treatment of diabetic neuritis. Needles,'8* however, found that in 3 
cases of neuritis associated with diabetes the diet was adequate in 
thiamin chloride. Naide *** reported that thiamin chloride is of some 
value in the treatment of pain of ischemic origin. Ten patients with 
ischemic neuritis were treated with doses of 100 mg. of thiamin chloride 
twice a week for one month; 7 of these patients obtained complete relief, 
2 reported partial relief and 1 failed to obtain relief. Doses of 20 to 
100 mg. of thiamin chloride were given thereafter once or twice a week 
as maintenance doses. Gangrene, ulcers and objective neurologic 
features were not improved by thiamin chloride. In 2 cases of inter- 
mittent claudication the results of thiamin chloride therapy were equi- 
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vocal. Naide suggested treatment with thiamin chloride for the 
arising from peripheral vascular disease. Keil *** suggested the u 
thiamin chloride in the treatment of nerve leprosy, and Chase **° f; 
thiamin chloride of no value in the treatment of schizophrenia. 


187 


2. Heart. Dustin and his associates reported on the elect 
cardiographic changes in several cases in which there was a histor 
of unbalanced diet and clinical evidence of vitamin B, deficien 
Features commonly seen were an increase in the electrical systole, ; 
rapid rate, a tendency to low voltage and in most cases a flattening o{ 
the T wave in leads, I, IJ and III. During treatment slowing of 
rate, increase in voltage and varying changes in the ventricular cor 
plexes occurred in all cases. Kalaja and his associate '** attempte: 
to elucidate the cause of the cardiac disturbances which occur in vitami 
B, deficiency by injecting into rabbits, pigeons and rats such metaboli 
products as are known or might be expected to occur in the orgat 

in increased quantities during deficiency of vitamin B,. Lactic, pyru 
and other acids were found to have distinct retarding effects on tl 
cardiac rate of rabbits and pigeons, but in rats these acids, subcutaneous! 
injected, caused a vagus-independent sinus bradycardia of the same tyy 
as that held characteristic of vitamin B, deficiency. It is difficult 
attribute such minor cardiac changes to deficiency of vitamin B, alone 
It seems that with such general disability as patients and animals exhibit 
in vitamin B, deficiency various changes in the body structure in general 
might be expected. 

3. Thyroid. Several workers, among whom is Drill,**® have show: 
that hyperthyroid rats which had lost weight and which still received 
thyroid regained their loss of weight when both vitamin B, and the b 
complex were added to the diet. If vitamin B, alone was fed, th 


animals stopped losing weight, but did not gain until yeast or a yeast 


concentrate was fed. Such experimental observations have suggested 
the use of these materials in the preoperative preparation of patients 
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with hyperthyroidism. Frazier and Ravdin '*° reported beneficial effects 


following administration of thiamin chloride to such patients. They 
eave vitamin B, to 50 of their patients, while a control group of patients 
received the routine preoperative treatment without the vitamin. To 


the first group 10 mg. of crystalline thiamin chloride was given in solu- 
tion hypodermically every other day and 10 Gm. of brewers’ yeast daily 


by mouth. The group of 50 patients given the vitamin supplements 


showed a greater reduction in pulse rate and a greater gain in weight 
and appetite and required a shorter period for adequate preparation than 
did the 28 patients receiving no vitamin supplements. The most marked 
benefit occurred in the nontoxic patients. The authors suggested that 
although vitamin B, probably has no direct antithyrogenic action in 
man, adequate amounts of this vitamin should be an important aid in 
treating severe clinical hyperthyroidism. 

4. Liver. Ochoa and Peters '*' showed experimentally that admin- 
istration of thiamin chloride to animals leads to immediate accumulation 
f both thiamin chloride and its pyrophosphoric ester in the liver, and 
1ey assumed that the liver is concerned intimately with the metabolism 
of vitamin B,. It was found that liver converted vitamin B, into 
cocarboxylase in vitro. Other evidence presented in this review indi- 
cates that the liver is concerned intimately in the metabolism of almost 
all of the vitamins, and clinical evidence available suggests that a con- 
servative use of vitamin supplements in the treatment of hepatic disease 
is of considerable value. 

Riboflavin.—The importance of riboflavin in the oxidation enzymes 
is fairly well established. Warburg and Christian +’? reported that five 
oxidation enzymes containing riboflavin have been described. Ribo- 
flavin is not distributed widely in nature, but Darby and Day *%* reported 
that fresh liver, whether from beef, veal or pork, is equivalent in 
riboflavin content to many samples of dried yeast and on the basis of 

-d weight is apparently the richest known food source of riboflavin. 

In the experimental animal a deficiency of riboflavin produces several 
unusual effects. In the hen such deprivation causes increase in the fat 
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content of the liver,’** and in rats it produces cataracts.’®° Riboflavin 
also has been shown to be necessary for normal growth and physical 


196 


well-being in the pig. 
Bessey and Wolbach ** reported that vascularization of the cornea 


of the rat in the absence of antecedent pathologic changes is probably 
a specific and most reliable criterion of riboflavin deficiency. Whether 
or not this test can be used as a biologic measure of riboflavin remains 
to be seen. 

Since it was reported that riboflavin is important in the oxidation 
enzyme system, it has been felt that this material is necessary in normal 
human nutrition. Proof of this, however, has not been available until 
the past year. In 1938 Sebrell *** reported that dogs on a blacktongue- 
producing diet to which nicotinic acid had been added died unless ribo- 
flavin was given, and Street and Cowgill '®® reported similar observa- 
tions. Later Sebrell and Butler *°° reported that, of a group of 18 
women who were maintained on a diet containing cornmeal, cowpeas, 
lard, casein, flour, white bread, calcium carbonate, tomato juice, cod 
liver oil, syrup, syrup of iron iodide, ascorbic acid and vitamin B,, 10 
had, within from ninety-four to one hundred and thirty days, lesions 
on the lips, to which the name “‘cheilosis” was given. The lesions on 
the lips began as a pallor of the mucosa at the angles of the mouth 
without involvement of the buccal mucosa. Maceration and superficial 
transverse fissures appeared within a few days. These lesions resembled 
closely those described as perleche. Four of the 10 women with cheilosis 
were treated with daily doses of 1 or 2 mg. of synthetic crystalline ribo- 
flavin for from three to ten days, after which the dose was changed 
to 0.25 mg. per kilogram of body weight. All lesions disappeared com- 
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pletely after five, six, twenty and forty-seven days of treatment, 
res .ctively. Another series of 4 women with cheilosis were treated 
with daily doses of 100 mg. of nicotinic acid for five days. At the 

| of five days the lesions in all 4 women were definitely worse, and 
treatment with riboflavin was started. The lesions of 3 of the women 
disappeared completely after twelve, thirteen and twenty-four days of 
treatment, but those of the fourth were so much more serious that after 
forty-nine days the daily dose of riboflavin was increased to 0.05 mg. 
per kilogram of body weight. Thereafter symptoms receded rapidly. 
One woman was treated with 100 mg. of nicotinic acid for forty-three 
days. At the end of that time, the lesion still being present, riboflavin 
was added to the diet. Complete healing occurred within ten days. In 
the remaining instance typical cutaneous lesions of pellagra developed 
thirty-six days after the study was begun and were allowed to progress 
for four days. After use of 30 mg. of nicotinic acid daily for thirty 
days, these lesions were healed completely, although the cheilosis 
remained twenty-one days after the cutaneous lesions of pellagra had 
healed and was not controlled until after riboflavin had been admin- 
istered. Although these observations are preliminary, they are intensely 
interesting ; they indicate that a specific clinical syndrome can be pro- 
duced experimentally and that in human beings the early development 
of cheilosis can be alleviated by the administration of small doses of 
riboflavin. The authors suggested that the term “ariboflavinosis” be 
added to the nomenclature of diseases due to vitamin deficiency to 
designate this syndrome. 

Landor **! described cases of angular stomatitis, sore tongue and 
eczema of the scrotum in which administration of nicotinic acid did 
not effect cure but yeast did. In view of Sebrell’s report one might 
deduce that deficiency of riboflavin may be at fault in such cases. 

Nicotinic Acid —(a) Chemical and Physiologic Properties: Nicotinic 
acid is a member of the vitamin B complex which also is related 
intimately to the enzyme system. Thiamin is related to cocarboxylase ; 
riboflavin is a component of flavoproteins and probably of other enzymes, 
and nicotinic acid is a component of both cozymase I and cozymase II, 
which are coenzymes for a large number of oxidation mechanisms. 

Because of this close relationship between nicotinic acid and respira- 
tory enzymes, Kohn,* in an excellent study, attempted to determine 
whether or not the coenzyme-like substance in the blood was altered 


in cases of deficiency of nicotinic acid. Theoretically, the coenzyme 
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level of the body of the patient with pellagra is reduced; this 


directly to reduced capacity for oxidation and reduction. Variati 
in the amount of dietary nicotinic acid should lead directly to variation 
in the amount of coenzyme. By measuring the coenzyme content 
the blood of normal persons and those with pellagra, Kohn found th: 
nicotinic acid increases cozymase I in normal persons and in pellagr 
Vilter and his associates °°* reported similar results. 

It has been shown that nicotinic acid will cure pellagra in monkeys, 
but it is apparently not essential for good health in rats *°° or lambs.’ 


20 


Crandall and his associates *°* suggested that nicotinic acid is essential 
for normal gastrointestinal motility. These workers used it in treating 
65 patients for functional digestive disorders over a period of from two 
months to two years, and 60 per cent showed a good response. Thiamin 
chloride and riboflavin had no effect. 

In the literature on the treatment of pellagra repeated emphasis is 
placed on the importance of giving in addition to nicotinic acid other 


8 


members of the vitamin B complex. Helmer and Fouts,?°* in a study 
on rats, demonstrated that a diet producing blacktongue produces many 
other deficiencies which are corrected only by the administration of the 
vitamin B, complex. Spies and his associates *°° also emphasized this 
important factor. 

Vilter and his associates 71° described a method for measuring nico- 
tinic acid in the urine and reported that persons on a normal diversified 
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excrete approximately 20 to 50 mg. of nicotinic acid or its con- 

s daily. Pellagrins in relapse or normal persons on a diet such 

pellagrins usually consume excrete little if any color-producing deriva- 
if nicotinic acid. 

) Use of Nicotinic Acid in Pellagra: According to Spies and 
Cooper,”"! three groups of pellagrins are recognized: (1) “endemic” 
pellagrins, who through poverty or idiosyncrasy have subsisted for long 
periods on deficient diets, (2) pellagrins who have suffered from an 
organic disease which has caused them to subsist on an inadequate diet 
or has rendered them incapable of utilizing the food taken, and (3) 
nellagrins who suffer from chronic alcoholism and who fail in conse- 
quence to consume adequate food. The symptoms of the disease, how- 
ever, and the treatment recommended are the same no matter to which 
group the patient belongs. The important points of the treatment of 
pellagrins with nicotinic acid have been covered fully in several papers.*!” 
It is pointed out that an occasional patient may have considerable flush 
ing of the face and neck and burning and tingling of the skin following 
the ingestion or injection of comparatively small doses of nicotinic acid. 
No other serious untoward reactions have been reported. Doses, how- 
ver, of 1 Gm. a day were found to produce definite toxic symptoms. 
Ruffin and Smith *?*” obtained good results in the treatment of pellagrins 
irom daily doses of 1.5 mg. of nicotinic acid per kilogram of body weight 

mouth. This quantity could be given either parenterally or in solu- 
tion by mouth. It was observed that when nicotinic acid was given in 


1 


ablets or in capsules much less satisfactory results were noted than when 
was administered parenterally or in solution by mouth. Lewis ??* 

reported that a patient with pellagra was treated successfully with intra- 

venous injections of sodium thiosulfate, given twice weekly. Cure of 
is patient was produced without any change in the diet. 


It is well known that extracts of the livers of patients dying from 


pernicious anemia do not contain the hemopoietic factor which is usually 
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found in the liver of the normal person. Sydenstricker and his asso- 
ciates 744 found that an extract of the liver of a patient dying of pellagra 
was rich in the hemopoietic factor but lacking in the pellagra-curing 
substance present in commercial liver extract. 

Spies and his associates *** were among the first to report that a 
porphyrin-like substance was present in the urine of patients with pel- 
lagra and that the excretion of this material was somewhat related to 
the severity of the symptoms. Watson **® found that the test devised 
by Beckh, Ellinger and Spies did not measure the porphyrin excreted 
in 4 cases of alcoholic pellagra. A few authors have criticized this test 
as not being specific for porphyrin and as a quantitative test that is 
unsatisfactory in the presence of certain substances, particularly deriva 
tives of urobilinogen, which give rise to disturbing colors. In 3 of 4 
specimens of urine from patients with pellagra which were examined, 
Watson noted red pigment, and one of them after the addition of th 
toluene preservative turned pinkish red. From one of these urines 
Watson obtained a pigment in crystalline form of the nature of a deriva 
tive of indigo. Further observations on this red pigment in the urine 
of pellagrins were reported by Watson,?** who found the pigment to be 
urorosein and, in contrast to claims of Spies and other workers, of no 
value in recognizing early states of pellagra. 

Nicotinic acid also has been reported useful in treatment for 
acrodynia,*** and Bing and Broager **® found that administration of 
nicotinic acid to 2 patients with idiopathic steatorrhea resulted in a 
marked decrease in diarrhea. Nicotinic acid particularly reduced the 
water content of the feces, but no other symptoms of sprue were affected 
in the same distinct manner as the diarrhea. When the administration 
of nicotinic acid was discontinued, diarrhea began again. 


Vitamin B,.—During the past year the structure of vitamin B, has 
been established independently by laboratories abroad 22° and in this 
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country. The American investigators **' also reported complete synthe- 


sis of the vitamin as conclusive support for the proposed structure. The 
structure of vitamin B, has proved to be 2-methyl-3-hydroxy-4,5-di 
droxymethyl)-pyridine. Wiardi*** gave credit to the Japanese 
ker Ohdake for being the first to crystallize vitamin B,. This 
rker several years previously had given approximately the same 
npiric formula as that now given by the other workers just mentioned. 

Rats on a diet deficient in vitamin B, show atrophy of the thymus, 

rding to Dimick and Schreffler,?** and fatty livers, which the admin- 
istration of choline does not wholly correct, according to Halliday.*** In 
young puppies a deficiency of this vitamin produced anemia.**’ Birch **° 
even suggested that this vitamin is in some way connected with the utili- 
zation of fatty acids; Robbins and Schmidt *** found vitamin B, 
important for the growth of plants and suggested that it might prove 
to be as generally significant for living organisms as thiamin. 

The only clinical application which has been attempted with vitamin 
B, has been reported by Spies and his associates.*** These authors noted 
that 4 patients who had been treated successfully for pellagra and beriberi 
but who remained on their deficient diet complained of extreme ner- 
vousness, insomnia, irritability, abdominal pain, weakness and difficulty 
in walking. Within four hours after the intravenous administration of 
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50 Ing. of pure synthetic vitamin B, in sterile physiologic solution of 


sodium chloride, all patients experienced dramatic relief of these symp 
toms, and within twenty-four hours all symptoms had disappeared. These 
observations indicated to the authors that vitamin B, was important in 
human nutrition and supported the hypothesis already mentioned that 


deficiency diseases are often multiple in nature. 


VITAMIN C 
Chemical and Physiologic Properties—In a recent report **® by the 
Council on Pharmacy and Chemistry of the American Medical Associa- 
tion the use of the term “cevitamic acid” as the official term for use in 
the book ““New and Nonofficial Remedies” was abandoned in favor of 
“ascorbic acid,” with the understanding that the term ‘ 
was to be included as a synonym to follow “ascorbic acid” and with the 


‘cevitamic acid” 


distinct understanding that this action is not to be a precedent so far 
as therapeutically suggestive names are concerned. 
It seems fairly well established that vitamin C is connected intimately 


230 


with the complementary activity of the serum **° and that it plays some 
part in the process of agglutination.**" 

Some recent work by Kendall and Chinn concerning destruction of 
vitamin C in the gastrointestinal tract is discussed fully in a recent 
editorial.**? The general conclusion drawn from their accumulated 
evidence is that ability to use ascorbic acid occasionally is shown by cer- 
tain members of known bacterial species but is not a common property 
of any known species. They found that certain bacteria in the gastro- 
intestinal tract are capable of destroying ascorbic acid and thus preventing 
normal absorption of this vitamin. They found that the presence of 
even small amounts of dextrose definitely postponed destruction of 
ascorbic acid, and since citrus fruits are rich in simple sugars it seems 
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pre able that these sugars deflect microbic attacks on ascorbic acid as 


long as the sugars are present in the digestive tract. Whether or not 
cane sugar added to fruit further inhibits destruction of the vitamin was 
not determined. 

Sendroy and Miller *** made a study of renal function as a factor 
which may influence the urinary excretion of ascorbic acid. They found 
that abnormally slow excretion of administered ascorbic acid does not 
indicate necessarily a low bodily content of vitamin C if renal function 
is decreased. Renal damage retards excretion even when no deficit of 
vitamin C exists. They found that the effect of a lowering of renal 
function on ascorbic acid clearance runs approximately parallel to the 
effect on urea clearance. Ralli and her associates *** presented evidence 
which indicates that vitamin C is excreted by filtration and active tubular 
reabsorption, and Evans *** suggested that vitamin C possesses a diuretic 
property. 

Methods of Measuring Ascorbic Acid.—Several new procedures for 
measuring ascorbic acid in the urine and blood have been described 
recently,?°° and several authors have criticized severely the intradermal 
injection of 2,6-dichlorophenolindophenol as a reliable guide to the gen- 
eral nutritional status of the body with regard to vitamin C.*** Chinn 
and Farmer *** described a method for estimating ascorbic acid in feces, 
and by the use of this method the fecal content of the normal person 
on an adequate but unsupplemented diet is shown to average about 5 mg. 
daily. The ascorbic acid content of plasma, urine and feces of a normal 
person was studied by these authors after administration of varying 
amounts of ascorbic acid by mouth. Large variations in the dietary 
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intake were shown to affect the fecal excretion of the vitamin only 
slightly. Patients suffering from certain gastrointestinal disorders were 


found to excrete larger quantities of ascorbic acid in the feces than nor- 
mal persons. 

Ascorbic Acid Requirements of Man.—The question of the exact 
requirements of man for ascorbic acid is still much debated, and the prob- 
lem of saturation of the body with vitamin C is still a source of confusion, 
Kellie and Zilva *** pointed out that a person may be considered to be “sat- 
urated when the amount of ascorbic acid voided in the urine after con- 
tinued consumption of a certain dose becomes more or less constant. The 
first appearance of the acid is not always indicative of saturation. In a 
case which the authors studied carefully they assumed that the minimal 
dose necessary to bring about saturation lay between 30 and 50 mg. per 
day. They pointed out, however, that this should not be assumed to be 
the minimal daily dose necessary to prevent the onset of scurvy or even to 
maintain good health. They stressed again that no undue clinical sig- 
nificance need be attached to maintaining the condition of saturation 
They found that determinations of the level of ascorbic acid in blood 
made at random did not indicate the degree of saturation of a subject, 
and further comparison of figures of urinary excretion indicated that 
there is no constant renal threshold for ascorbic acid. Heinemann *“ 
reported that at least 0.8 mg. per kilogram of body weight is the dose 
of ascorbic acid needed by the healthy adult, although 0.4 mg. per kilo- 
gram was sufficient to protect against actual scurvy. Belser and her 
associates **! found that the requirement of ascorbic acid to maintain 
complete saturation for the subjects studied varied from 1 to 1.6 mg. per 
kilogram per day. Rietschel and Mensching *** suggested that the dose 
of ascorbic acid necessary for the maintenance of good health is much 
smaller. They pointed out that the human requirement of ascorbic acid 
is small because of the capacity of this substance to be alternately oxidized 
and reduced. They stressed the economic inconvenience to Germany 
of having to supply a requirement of 50 mg. per person daily and the 
desirability of persuading the people that this is not necessary. (Their 
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work is based on the fact that one of the authors existed for a period of 
one hundred days on a diet extremely deficient in vitamin C. The con- 
centration of ascorbic acid in the serum dropped to 0.06 mg. per hundred 
cubic centimeters, but no symptoms of scurvy appeared.) Ralli and her 
associates 74° suggested that 100 mg. of ascorbic acid is the optimal daily 
intake. 

It is agreed generally that the requirement of ascorbic acid for preg- 
nant and nursing mothers is considerably greater than that for normal 


persons. During the past year a tremendous amount of work has been 


done on this problem. Teel and his associates *** found that the ascorbic 
acid content of the plasma from the cord blood at birth is from two to 
four times greater than that of maternal plasma at the time of delivery. 
These authors made a careful study of the dietary intake of ascorbic acid 
during pregnancy and of the level of ascorbic acid in maternal plasma 
and in the cord plasma at the time of birth. They found good correla- 
tion between the content of ascorbic acid in the maternal diet and the 
amount of ascorbic acid in the maternal plasma. Their studies indicated 
that with a relatively constant intake of ascorbic acid the amount of this 
vitamin in maternal blood plasma decreases markedly as pregnancy 
advances. This fact seems to be true whether the dietary intake of 
ascorbic acid is optimal, suboptimal or deficient. The average amount 
of ascorbic acid in maternal plasma at the time of delivery was only a 
little more than half that present during the first twenty-eight weeks of 
pregnancy. 

Further studies by Ingalls and his associates **° showed that satura- 
tion of the fetal blood occurs even when the maternal plasma contains 
less than a third or fourth of the amount of ascorbic acid in the plasma 
of the infant. Their studies showed further that after birth the breast- 
fed infant may obtain adequate ascorbic acid at the expense of the mother 
even though she is on a deficient diet and has a low concentration of 
ascorbic acid in the plasma. The quantity of ascorbic acid secreted in 
breast milk was found to vary from 20 to 50 mg. per twenty-four hours 
even when the maternal diet contained no more than 20 mg. of ascorbic 
acid daily. These findings indicate that the increased maternal need 
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for ascorbic acid during pregnancy apparently extends into the nu 
period as well. Elmby and Becker-Christensen **° suggested that 
administering an additional 100 mg. of ascorbic acid daily to the mot 
during the first ten days after delivery the ascorbic acid in her serum and 
milk can be raised from subnormal to normal levels. Utheim-Toverud *: 
gave 75 mg. as the daily requirement of pregnant and_ nursing 
mothers. Snelling and Jackson *** suggested that artificially fed babies 
should receive additional ascorbic acid from the time of birth. Chu 
and his associates **° suggested that a concentration of less than 4 mg. per 
hundred cubic centimeters in the the mother’s milk indicates that she is 
deficient in vitamin C. Kenney and Rapoport *°° reported that 21 
infants with scurvy responded well to doses of crystalline ascorbic acid. 
Williams and Green,?°! however, found that children with SCUrV) 
responded better to administration of orange juice than to synthetic 
ascorbic acid. The Council on Foods of the American Medical Asso- 
ciation *°* reported that fresh orange juice retains 97 per cent of its 
active ascorbic acid after twenty-four hours in the refrigerator protected 
from air, but that solutions prepared from crystalline ascorbic acid may 
lose considerable potency under the same conditions. 

Clinical Use of Vitamin C.—There have been a number of reports 
during the past year concerning the use of vitamin C in various ophthal- 
mologic conditions. From study of a rather large group of patients, 
Bouton *°* reported that ascorbic acid deficiency can be held at least 
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partly responsible for the impairment of vision associated with senescence 
of the human eye and that administration of ascorbic acid by mouth in 
adequate doses can counteract this process if the crystalline lens is not 
principally involved. Ascorbic acid, he found, had no effect on the lens 
aiter senile changes had set in. In view of these findings the report by 
Corkill 24 is interesting. His patient, a young Sudanese, was exposed 
to the severe environment of the desert on a diet particularly lacking in 
ascorbic acid. In a period of three months arcus senilis but no scurvy 
developed. This author suggested that arcus senilis is a sign of chronic 
deficiency of ascorbic acid. 

Several reports *°° have appeared which indicate that patients with 
tuberculosis have a greatly increased requirement for ascorbic acid ; their 
daily consumption is from three to five times as much as that of healthy 
subjects. There seems to be a certain parallelism between the quantity 
of ascorbic acid excreted and the activity of the tuberculous process. 

In a detailed study by Sebesta and her associates *°° data are pre- 
sented which indicate that the average patient with uncomplicated 
diabetes mellitus can and does have a normal status in regard to ascorbic 
acid. 

Reports continue to appear concerning the value of ascorbic acid 
in the treatment of essential hematuria,**’ but they are not very con- 
vincing. Sabin *** reported that both natural and synthetic ascorbic acid 
has no effect on the course of experimental poliomyelitis in monkeys. 

One of the most interesting new uses of ascorbic acid was reported 
by Holmes and his associates.*°* After physical examination of 400 men 
exposed daily to lead, Holmes and his colleagues made monthly checks 
on the basophilic degeneration and the degree of stippling as shown by 
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the blood. Records of these monthly tests were kept throughout tl), 
year of observation. During the last three months of this period weekly 
tests were reported on a group of 34 men, all of whom had symptoms 
and showed signs of chronic lead poisoning. Half of this group were 
given 100 mg. of synthetic ascorbic acid daily for several weeks, and the 
other half continued to take calcium gluconate in addition to 100 mg. of 
ascorbic acid daily. In general the first group of patients (taking ascorbic 
acid alone) showed marked improvement. In a week or less after 
beginning the treatment, most of the men enjoyed normal sleep and lost 
the irritability and nervousness so common in connection with treatment 
of lead poisoning with calcium. In the second group (taking ascorbic 
acid plus calcium) the gain was less marked and rather irregular. The 
authors postulated that ascorbic acid in some way reacts with toxic lead 
ions to form a poorly ionized and much less toxic compound. ‘They 
suggested that men who are exposed to the hazards of lead should include 
in their diet rich sources of ascorbic acid or else take 50 mg. in suppl 
mentary form daily. 
VITAMIN D 

Chemical and Physiologic Properties —Vitamin D is the one vitamin 
which is most likely to be deficient in the diet of both the rich and the 
poor. Apart from egg yolk, herring and canned salmon there is little 
in the average diet to supply vitamin D, and Lindsay and Mottram,’ 


taking these facts into consideration, have given a number of ingenious 


recipes in which cod liver oil can be added to the diet in a palatable form 

Vollmer *** recently had an opportunity to study the distribution of 
vitamin D in the body after administration of massive doses. To a 4 
year old child, 1,600,000 U. S. P. units of vitamin D was given intra 
muscularly three and one-half days before death and an additional 
1,000,000 units of vitamin D thirty-six hours before death. Most of the 
vitamin D was found to be stored in the skin, liver and brain, and smaller 
amounts were found in the lungs, spleen and bones. In experimental 
animals massive doses of vitamin D have been found to produce certain 
pathologic changes in the kidneys *** and blood vessels.*** The role of 
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viiamin D in the metabolism of calcium and phosphorus still is not 
established fully. Schneider and Steenbock *** found that in the rat 
vitamin D induces utilization of phosphorus by bone, which deprives the 
soft tissues of their supply of phosphorus, which in turn inhibits growth. 
Correll and Wise **° found that vitamin D decreases high concentrations 
of serum phosphatase in the growing chick, and Albright and his asso- 
ciates °° made an extensive comparison of the effects of vitamin D, 
dihydrotachysterol and parathyroid extract on the disordered metabo- 
lism of patients with rickets. The data presented by these authors are 
shown in table 3. 

\ detailed study of the physiologic and pathologic effects of vitamin 
D is given in a monograph by Rominger.*®’ 

Use of Vitamin D in Rickets.—Rickets still presents an enigma. 


268 


Foldes 7° emphasized that the problem of rickets is far from being 


simply one of vitamin deficiency and suggested that the development 


TABLE 3.—Summary of Data Presented by Albright and Asssociates 


Calcium Phosphorus Excreted 
Absorbed in Urine 


Vitamin D 
Dihydrotachysterol....... 
Parathyroid extract... 





of rickets is due to an interplay of endocrine, general nutritional and 
vitamin factors. Gridgeman and his associates *** showed that in experi- 


mental rickets a low intake of salt mixture will produce healing even 
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in the absence of vitamin D. It generally is conceded, as pointed out 
by Lewis,**° that the vitamin D content of irradiated milk, although 
adequate to protect the average infant against rickets, will not afford 
protection to premature infants, twins or rapidly growing infants. This 
author found that a dose of. vitamin D, administered in milk was 
several times more effective than the same dose given in an oily vehick 
This work was based on the treatment of 21 rachitic infants. 

Reports continue to appear which show that rickets and tetany can 
be cured by oral administration of one single dose of vitamin D (600,000 
U. S. P. units of vitamin D,).?* Harnapp *** found vitamin D, effec 
tive in a single oral dose of from 5 to 10 mg. Brockmann *** found 
15 mg. of vitamin D, or D, to be effective in curing rickets when given 
in a single dose. None of these authors noted any ill effects. Gill *" 
described 4 cases of rickets in which no form of any therapy given over 
a period of several weeks produced any evidence of healing. 

Use of Vitamin D in Other Conditions —Knapp ** reported that 
vitamin D is useful in the treatment of keratoconus, and King and 
Hamilton **° reported on its value in the control of pemphigus 
Brandaleone *“* stated that the local application of cod liver oil in 
addition to the usual forms of therapy is of considerable value in the 


treatment of ulcers occurring in diabetes mellitus. 
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VITAMIN E 
Chemical and Physiologic Properties —Recent advances in the chem- 
ical study of vitamin E have been considered in a review by Bacharach.*” 
Emerson and his associates **® reported that gamma tocopherol is 
approximately equal in vitamin potency to beta tocopherol and is 
definitely a more powerful antioxidant. 


In an extensive study Barrie *°° showed that in rats on a diet partially 
deficient in vitamin E the length of gestation bears an inverse relation 
to the amount of vitamin FE in the diet. In addition paralysis among 
young rats owing to vitamin E deficiency of the mother rat is the result 
of the inability of the mother rat to secrete vitamin E in the milk. This 
paralysis can be cured by administration of vitamin E. Miller **’ 
reported that vitamin E is also secreted in human milk. According to 
Barrie,**? prolonged vitamin E deficiency caused fibrosis of the uterine 
muscle in rats, and in a certain number of animals leiomyoma developed. 

Evans and Emerson *** and Dingemanse and van Eck *** were unable 
to confirm previous reports that tumors were produced in rats by giving 
large doses of wheat germ oil for long periods. These two groups 
of workers were unable to produce abdominal neoplasms with such 
treatment. 

Several ‘groups of workers **° have been able to produce muscular 
dystrophy by maintaining animals on diets deficient in vitamin E from 
birth. Recovery was produced by administering vitamin E, but function 
remained impaired. Mackenzie and McCollum **** found that alpha 
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tocopherol was one of the factors deficiency of which is involved 
causing experimental muscular dystrophy in rabbits. Verzar *** made 
similar observations and showed further that it is possible to counteract 
the creatinuria of animals with muscular dystrophy by means of a 
synthetic vitamin E. 

Clinical Application of Vitamin E.—Widenbauer,*** over a_ period 
of two years, treated 17 premature infants with wheat germ oil; 2 pre 
mature infants serving as controls were given olive oil. Eleven of the 
17 premature infants who were given vitamin E gained rapidly after 
previous arrest of growth. However, this small amount of material 
does not permit definite conclusions. 

In a round table discussion of vitamin E, Browne *** pointed out that 
if all the reports concerning the use of vitamin E in cases of human 
abortion are taken together, it is apparent that the use of wheat germ 
oil in habitual abortion is successful in about 75 to 80 per cent of the 
cases. This appears convincing, but equally good or better results have 
been obtained by other methods of treatment. Browne reported the 
following experience in 18 cases of habitual abortion. Eight of the 
patients were treated with progestin and 3 with vitamin E; 7 received 
no treatment. In no instance was there an abortion in the treated 
patients, but all 7 of the untreated control patients also obtained living 
children at term. The statement of Wilbur that at present there is no 
direct evidence that vitamin E is connected with human metabolism 
still stands. 

VITAMIN K 

Chemical and Physiologic Properties—Much has been added to our 
knowledge of the chemical properties of vitamin K. In May 1939 
McKee and his associates *** reported the isolation of vitamin K, from 
alfalfa and vitamin K, from putrefied fish meal and presented evidence 


to indicate a quinonoid structure for these vitamins; further work has 
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substantiated these preliminary statements.*°° Almquist and Klose * 
reported recently that phthiocol (2-methyl-3-hydroxy-1,4-naphthoqui- 
none) possesses physical and chemical properties similar to pure vitamin 


k,. It has been shown by Almquist and Klose that phthiocol when 


given at a level of 20 mg. per kilogram of diet is effective in preventing 


hemorrhagic diathesis in chicks existing on a diet deficient in vitamin 
kK. They as well as Ansbacher and Fernholz *** agreed that the activity 
of phthiocol is lower than that of the more complex form of vitamin K 
existing in alfalfa. 


Thayer and his associates *** and MacCorquodale and his co-work- 
ers *"* reported the structure of the vitamin K, molecule to be 2-methyl- 
3-phytyl-1,4-naphthoquinone, and further work by Binkley and_ his 
associates 2°° confirmed through synthesis this report of the structural 
form of vitamin K,. Their experiments demonstrated conclusively 
that the formula 2-methyl-3-phytyl-1,4-naphthoquinone is correct. This 


96 


work has been confirmed by Fieser and his associates,?"° who also 
described the synthesis of vitamin K,. Fieser and his co-workers 
suggested also that vitamin K, is 2,3-difarnesyl-1,4-naphthoquinone. 
Several groups of workers *** demonstrated that 2-methyl-1,4-naphtho- 
quinone possesses high antihkemorrhagic activity, and Thayer suggested 
that since the activity of 2-methyl-1,4-naphthoquinone is approximately 
equal to that of pure vitamin K,, it be adopted as a basic standard for 
assay Of vitamin K. The compound does have desirable qualities for 
standardization in that it is readily obtainable in a satisfactory state of 
purity, possesses a definite melting point for characterization and is 
relatively stable when protected from excessive exposure to light. The 
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same workers suggested that by adopting this substance as the stan: 
for assay the unit could be defined in terms used by the Leagu 
Nations’ Committee as the specific vitamin K activity of 1 microg: 
of pure 2-methyl-1,4-naphthoquinone. 

Little is known about the physiologic effect of vitamin 
Greaves *°8 demonstrated that bile is essential for its absorption and tha 
in animals subsisting on a diet deficient in vitamin K bile alone has no 
effect on the hemorrhagic tendency, whereas vitamin K plus bile salts 
has immediate effect. This author has found that concentrates of 
vitamin K are effective in the rat when administered either subcuta- 
neously or intraperitoneally. Greaves °°° 
many fat-soluble vitamins are stored in large amounts in the body and 


also pointed out that although 


held in reserve for times of need, this is not true of vitamin K. 

The exact mode of action of vitamin K is not known. It has been 
suggested that vitamin K acts as a necessary building stone for the 
formation of prothrombin, and others have suggested that it is carried 
as a prosthetic group on the prothrombin molecule. Dam and his 
associates *°° showed that vitamin K in concentrated form does not 
contribute in vitro to the coagulability of blood or plasma from K 
avitaminotic chicks. They further demonstrated that removal of the 
spleen does not alter the response of K avitaminotic birds to the vitamin. 
Warner *"' reported that partial hepatectomy in animals results in a 
decrease in the concentration of prothrombin in the circulating blood and 
that the decrease in prothrombin is, to some extent, correlated with 


02 


the amount of liver removed. Rhoads and his associates *°* demon- 
strated that hepatectomy in dogs results in a rapid fall of the level of 
prothrombin in the circulating blood. 

Methods of Measuring Prothrombin—To use vitamin K_ intel- 
ligently, the physician must have a satisfactory method of measuring 
the concentration of prothrombin in the circulating blood. Four methods, 


all of them indirect and not entirely satisfactory on physiologic grounds, 


298. Greaves, J. D.: The Nature of the Factor Which Is Concerned in Loss 
of Blood Coagulability of Bile Fistula in Jaundiced Rats, Am. J. Physiol. 125: 
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H. E.: The Preoperative and Postoperative Administration of Vitamin K to 
Patients Having Jaundice, J. A. M. A. 113:383-390 (July 29) 1939. 
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1938. 
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ow available. The first is the method of Quick and his associates,°” 
1 is well adapted for the clinical laboratory and is at present used 
ly. The second method, that of Warner and his associates,*°* 
isures the concentration of prothrombin quantitatively and is adapted 
rally only to the resources of a large laboratory with a staff of 
ertly trained technicians. A third method, developed by Dam and 
others,°°° is a modification of that of Fisher and depends somewhat on 
the same principle as that of Quick and his associates. This method has 
not been used generally in this country. The fourth method, developed 


306 


by Ziffren and his co-workers,®** is a simple bedside method of com- 


paring the clotting time of normal blood with that of the specimen in 


Ss 


question after thromboplastin has been added to each. The unknown 


is expressed in percentage of the normal. It should be emphasized that 
the choice of the most effective method depends somewhat on the experi- 
ence and facilities of the physician concerned. 

Clinical Applications—It has now been well established in this 
country and abroad that concentrates containing vitamin K or pure 
synthetic products exhibiting a high antihemorrhagic activity are useful 
in elevating the level of prothrombin in the circulating blood of patients 
who exhibit hypoprothrombiiiemia.*°* These several articles indicate 
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305. Dam, H.; Glavind, J.; Lewis, L., and Tage-Hansen, E.: Studies on the 
Mode of Action of Vitamin K, Scandinav. Arch. f. Physiol. 79:121-133, 1938. 
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that a deficiency of prothrombin exists in a number of conditions which 
can be corrected by the administration of vitamin K. A deficienc) 
prothrombin apparently may occur in the following groups: 

1. Human beings who are on a diet inadequate in vitamin Kk 


308 


2. Newborn infants. Waddell and his associates *°* reported a fairl 
common deficiency of prothrombin which responds to the administration 
of vitamin K by mouth, the mechanism of which is not entirely clear. 

3. Persons in whom intestinal absorption is inadequate owing \ 
(a) lack of bile in the intestine in consequence of poor secretion of 
bile salts, (b) various intestinal lesions and (c) obstruction of the bile 
ducts from any cause. 

4. Persons with primary hepatic injury. There is considerable 
evidence to indicate that the liver plays an active part in the formation 
of prothrombin, and injury of that organ can be the cause of a deficiency 
of prothrombin. In patients with primary hepatic disease several authors 
have noted poor response to even large doses of vitamin K administered 
orally, intramuscularly or intravenously. 

In the early work on vitamin K, concentrates of alfalfa were admin- 
istered together with bile salts by mouth, and in a few instances these 
oily concentrates were administered intramuscularly. Using these 
methods of administration, Butt and his associates *°™* reported that 
none of the 127 patients with jaundice who received this medication 
had any untoward reactions, although doses as large as 20 Gm. were 
administered at one time. In most of these cases in which hypopro 
thrombinemia was exhibited a decrease in the prolonged prothrombin 
clotting time occurred after the administration of concentrates of alfalia 
and bile salts. Smith and his associates *°® and Stewart °°? reported 
similar observations. 


The recent development of synthetic compounds possessing anti- 
hemorrhagic activity has led to the general use of these materials as a 
substitute for the concentrates of alfalfa. Smith and his associates *” 
and Butt and his associates **° demonstrated that phthiocol administered 
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by the intravenous route is effective in increasing the level of pro- 
thrombin in the circulating blood of patients having hypoprothrom- 
The 10 patients treated by Butt had no untoward reactions, 
and the prolonged prothrombin clotting time of all decreased to nearly 
normal within twelve to twenty-four hours after the administration of 
phthiocol. Since that report several cases of cirrhosis of the liver have 
heen encountered in which the administration of phthiocol did not 
result in decreasing the prolonged prothrombin clotting time. 
The compound 2-methyl-1,4-naphthoquinone has been found eftec- 
tive in elevating the level of prothrombin in the blood when administered 
't Other workers *'* have found this material effective 


when it is given in doses of 1 to 2 mg. together with 5 to 10 grains 


in doses of 1 mg.® 


(0.3 to 0.65 Gm.) of animal bile salts by mouth to patients with hypo- 
prothrombinemia. In several cases it has been given in doses of 1 mg. 
with effective response. No untoward reactions were noted when the 
material was administered by mouth or intravenously. 

The synthetic naphthoquinones which have a marked antihemorrhagic 
activity are definitely easier to handle, and undoubtedly they will even- 
tually replace the older concentrates now employed; however, until 
these synthetic compounds have had wider clinical usage, it will be best 


to proceed cautiously. 


GENERAL FEATURES IN NUTRITION 
The reports on vitamins during the past year have indicated clearly 


1 
th 
Lil 


at many act in fundamental biologic processes as factors in oxidation 
and reduction and that some of these necessary substances as they occur 
in food are not vitamins in their final forms but are precursors of the 
true vitamins. There has been much experimental evidence from nutri- 
tional laboratories. Although this work has pointed the way, the reports 
must be scrutinized carefully. It has been well established that such 


; ° ; : 
results may not in every case unequivocally link the substance with 


deficiency in man. Russell *** pointed out that the simplest and most 
fundamental fact that can be stated with regard to the relation of 
vitamins to disease is that a given vitamin will not cure a deficiency 
caused by the lack of another vitamin. There is little doubt that clinical 

311. Fernholz, E., and Ansbacher, S.: Vitamin K Activity of Synthetic Phthi- 
col, Science 90:215 (Sept. 1) 1939. 
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94:81-89 (Feb.) 1939. 
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observation is one of the most important factors in recognizing deficiency 
diseases. However, the rapid progress in the chemical and _ biologic 
assays of various vitamins gives hope that such methods will provid 
valuable aids for diagnosis in vitamin deficiencies. 

Little is known of dietary requirements in disease with reference to the 
vitamins. It appears that the normal resistance of the human organisn 
to some vitamin deficiencies is remarkable. In fact, it appears almost 
that some independent disease must be acquired before avitaminosis 
becomes manifest. Obviously the vitamin needs of the body in disease are 
very different from those in health, and it is well recognized that th 
absorption of vitamins may be altered in pathologic conditions oi 
gastrointestinal tract, by pronounced diuresis or diarrhea, by increased 
metabolism, by hepatic injury or by obstruction to the flow of bile into 
the intestinal tract. This interrelation of the vitamins is an interesting 
and important problem. Collett and Eriksen *** found that vitamins 
A and D have.no antagonistic action on vitamin C in the guinea pig 
and that in vitro vitamins A and D have no destructive chemical action 
on vitamin C. However, large doses of cod liver oil were found t 
inhibit the antiscorbutic action of vitamin C. 

Fortification of Foods.—The second portion of the recent report by 
the Council of Pharmacy and Chemistry and the Council on Foods of 
the American Medical Association *** dealt with the fortification of foods 
with vitamins. Three years ago these councils decided that the general 
and indiscriminate fortification of foods with vitamins as well as wit! 
minerals should be discouraged. At that time numerous products wer 
advertised, with much stress being placed on their fortification wit! 
various health-giving, “pep’-giving vitamins. The councils had t 
frown on such indiscriminate fortifications, mainly because the items 
selected for fortification, such as candy, whisky and pop, are not recog- 
nized as normal carriers of vitamins. 


It is obvious that improvement of foods should not be prohibited, 


but the Council on Foods remains of the opinion that fortification with 
vitamins and minerals should be controlled. There are several reasons 
for this stand: 1. Even the requirements of the vitamins of known 


significance in human nutrition are still under investigation, and the 


optimal quantities of any of them are far from being established. 2. 


314. Collett, E., and Eriksen, B.: Interrelations of the Vitamins, Biochem. ] 
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\Ithough dietary deficiencies are not limited to any one group, they are 
certainly most likely to appear among persons with low incomes, and 
in fortifying any food consideration of the cost should be given careful 
thought, since a higher cost of the product may defeat the purpose of 
fortification. 

Several recent reports indicate that if the average diet is carefully 
selected adequate amounts of minerals and vitamins are likely to be 
present. Prouty and Cathcart *** in an extensive study of the 39 most 
popular commercial loaves of white bread from 33 bakeries in 27 states 
reported that the average percentage of calcium found was nearly three 
times that reported by previous investigators. They pointed out that 
the increased use of milk solids and yeast foods has increased con- 
siderably the calcium content of commercial white bread. On the basis 
of their results, six slices of average commercial white bread will supply 
approximately 30 per cent of the daily requirement of calcium of the 
average adult, provided the total amount of calcium is assimilated. In 
England, Copping *** is of a different opinion. He concluded that in 
order to regain all that has been lost by the ultramilling of flour the 
population must change back to whole meal. This, of course, necessitates 
altering the tastes of the people and overcoming the vested interest in 
the existing milling industry. The ad-antage to be gained in national 
health would probably make such a tremendous undertaking well worth 
while, but it seems now that discriminate fortification with vitamins 
and minerals may offer a solution more readily obtainable. Many feel 
with Elvehjem *** that “this country is still sufficiently agricultural to 
produce the foods adequate for a normal diet, so that we may consume 
pleasing foods rather than obtaining our vitamins from the drug store 
except in emergencies.” 


19 


The present attitude of the Council on Foods *® is given in the 


following statement taken from the minutes of its annual meeting: 


The Council on Foods desires to encourage the restorative addition of vitamins 
or minerals or other dietary essentials, in such amounts as will raise the content 
of vitamin or mineral or other dietary essential of general purpose foods to recog 
nized high natural levels; with the provision that such additions are to be limited 
to vitamins or minerals or other dietary essentials, for which a wider distribution 
is considered by the Council to be in the interest of the public health. 


316. Prouty, W. W., and Cathcart, W. H.: The Calcium Content of White 
Bread, J. Nutrition 18:217-226 (Sept. 10) 1939. 

317. Copping, A. M.: The Nutritive Value of Wheaten Flour and Bread, 
Nutrition Abstr. & Rev. 8:555-566 (Jan.) 1939. 

318. Elvehjem, C. A.: Nicotinic Acid in Nutrition, Ann. Int. Med. 13:225-231 
(Aug.) 1939, 


319. Report of the Annual Meeting of the Council on Foods, J. A. M. A. 
113:680-681 (Aug. 19) 1939, 





460 ARCHIVES OF INTERNAL MEDICINE 


The Council is opposed to the indiscriminate fortification of general | 
foods with vitamins or minerals or other dietary essentials. By fortificat 
meant the addition to a food of such an amount of a vitamin or other dietary 
essential as to make the total content larger than that contained in any natural 
(unprocessed) food of its class. 

The following fortifications are recognized by the Council as being jn th: 
interest of the public health: (1) the addition of vitamin D to milk to an extent 
not to exceeed 400 units per quart, no objection being made when the added vita 
min is obtained from a natural source, if it carries with it one or more other 
vitamins; (2) the addition of vitamin A to substitutes for butter to an extent 
not to exceed the amount of vitamin A in butter of high natural content of vitamin 
A, no objection being made when the added vitamin is obtained from a_ natural 
source, if it carries with it one or more other vitamins; (3) the addition of iodin 
to table salt in an amount not to exceed one part of sodium or potassium jodi& 
for each 5,000 parts of salt; (4) the addition of calcium salts to wheat flour or 
other cereal product in an amount such that the calcium content of the finished 
product does not exceed 0.075 Gm. for each 100 calories, and (5) the addition oj 
iron to wheat flour or other cereal product in an amount such that the iron con- 
tent of the finished product does not exceed 0.0015 Gm. (1.5 mg.) for each 100 


calories. 





News and Comment 


Ella Sachs Plotz Foundation for the Advancement of Scientific Inves- 
tigation.—Sixty-two applications for grants were received by the trustees of the 
Ella Sachs Plotz Foundation for the Advancement of Scientific Investigation 
during 1939. Thirty of these came from the United States and the other thirty- 

from fourteen different countries in Europe, Asia, Africa, South America 
and North America. Thirty-two grants were made during the year, one being 
a continued annual grant. 

In the sixteen years of its existence the foundation has made three hundred 
and seventy-two grants, which have been distributed to investigators in Argentina, 
Austria, Belgium, Brazil, Canada, Chile, China, Czechoslovakia, Denmark, Egypt, 
Estonia, Finland, France, Germany, Great Britain, Greece, Hungary, Iraq, Italy, 
Latvia, Lebanon, Netherlands, North Africa, Norway, Palestine, Poland, Portugal, 
Rumania, South Africa, Sweden, Switzerland, Syria, Venezuela, Yugoslavia and 
the United States. 

During the present great need for funds, grants will be given in the sciences 
closely related to medicine without reference to special fields. The maximum 
grants will usually be less than $500. 

Applications for grants to be held during the year 1940-1941 must be in the 
hands of the executive committee before Apri’ 1940. Letters asking for aid must 
state definitely the qualifications of the investigator, an accurate description of 
the research, the size of the grant requested and the specific use of the money to 
be expended. In their requests for aid, applicants should state whether they have 
approached other foundations for financial assistance. It is highly desirable to 
include letters of recommendation from the directors of the departments in which 
the work is to be done. Only applications complying with the foregoing conditions 
will be considered. 

Applications should be sent to Dr. Joseph C. Aub, Collis P. Huntington 
Memorial Hospital, 695 Huntington Avenue, Boston, Mass., U. S. A. 


Studies on Pellagra.—Dr. V. P. Sydenstricker, professor of medicine at the 
University of Georgia School of Medicine, was recently awarded a grant of $6,000 
by The John and Mary R. Markle Foundation for the continuation of his studies 
on pellagra. During the spring Dr. Sydenstricker will present the following 
papers: “Acute Deficiency Syndromes,” at the Johns Hopkins Medical and Sur- 
gical Association, Baltimore, February 23; “The Present Status of Nicotinic 
Acid,” at the Federation of American Societies for Experimental Biology, New 
Orleans, March 15; “The Clinical Manifestations of Nicotinic Acid and Riboflavine 
Deficiency” (clinical lecture), at the American College of Physicians, Cleveland, 
\pril 1; “The Relation of Gastrointestinal Disease to Avitaminosis,” at the New 
York Chapter of the American Gastroenterological Association, New York, April 
15, and “Multiple Deficiency Features of Pellagra,” at the Eighth Pan-American 
Scientific Congress, Washington, D. C., May 10. 





Book Reviews 


Immunity: Principles and Application in Medicine and Public Health, 
An Exposition of the Biological Phenomena of Infection and Recovery of t! 
Animal Body from Infectious Disease, with Consideration of the Application 
of the Principles of Immunity to Diagnosis, Treatment and Prophylaxis and 
Their Usefulness in the Control of Epidemics. By Hans Zinsser, M.D., Pro- 
fessor of Bacteriology and Immunology, Harvard Medical School; John | 
Enders, Ph.D., Assistant Professor of Bacteriology and Immunology, Harvard 
Medical School, and LeRoy D. Fothergill, M.D., Assistant Professor of Bac- 
teriology and Immunology and Associate in Pediatrics, Harvard Medical 
School. New York: The Macmillan Company, 1939. 

This, the fifth edition of the excellent book originally called “Resistance to 
Infectious Diseases,” constitutes not only a revision but an expansion. In practical 
development and increasing application in clinical and preventive medicine, immu 
nology has extended beyond the confines of the laboratory and the concern of th 
pure scientist. Today a knowledge of immunology is essential in the practice of 
medicine and of public health. Consistent with the rapid growth of the subject, 
section I, “Principles and Theories,” has been revised by the elimination of muc! 
outdated material, the modernization of that retained and the addition of the larg: 
accumulation of recent years. The expanded section II, “Special Immunological 
Problems in Individual Infections,” is especially worthy of note. This sectior 
treats at length the different phases of immunology as they pertain to preventive 
and curative medicine and diagnosis, comprehending the viruses, rickettsiae, th: 
organisms of syphilis, tuberculosis, diphtheria and anaerobic infections, hemolyti 
streptococci and staphylococci and the organisms of meningitis, pneumonia and 
acute intestinal infections. Its utilitarian aspects will prove particularly interest- 
ing and valuable to the clinician and none the less important to the specialist. The 
book may be recommended to the student, laboratory worker and practitioner as 
an able exposition of immunology. 


Necrosis aguda del pancreas (pancreatitis edematosa y hemorragica). 
By Dr. Jose M. A. Delrio. Pp. 242. Buenos Aires: Aniceto Lépez, 1937 
The author has written an excellent monograph. The volume is 242 pages i1 
length and has a fine bibliography. 

The following conclusions are drawn: 

1. Sixty per cent of human beings have a common duct of Wirsung, and the 
control of the sphincter of Oddi depends on the biliary duodenal reflux. 

2. The physiopathologic transformation produced by diseases of the biliary 
system and duodenum is caused by the failure of the normal defense mechanisms 
In 60 per cent of the cases of acute pancreatitis abnormality exists in the biliary 
tract and duodenum. 

3. One is forced to admit the multiplicity of pathogenesis, since in many cases 
the disease takes a lymphovascular route, while in many cases there exists a con- 
comitant hepatobiliary disease. 

4. One admits the existence of edematous pancreatitis of the following origins 
idiopathic, lymphovascular, anaphylactic and inflammatory. The so-called edema- 
tous and hemorrhagic pancreatitis must be considered as part of the process of 
necrotic pancreatitis. The first phase is edema and the second more or less 
extensive necrosis. As a consequence this condition should be called pancreatic 
necrosis in either an edematous or a hemorrhagic state and for clinical simplicity 
should be called acute, subacute or chronic pancreatic necrosis. 
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ancreatic necrosis is a relatively frequent disease. 
t has a characteristic clinical picture, which, however, does not necessarily 
the anatomic-pathologic process present. 
he diagnosis is possible in most cases with the clinical facilities at hand, 
and only rarely is the picture such as to render the diagnosis impossible. 
8. The prognosis is usually hopeless when considerable involvement has taken 


place. It is only relatively favorable for subacute and chronic disease. It depends 


primarily on the amount of involvement and secondarily on the stage of the disease. 


9, Surgical intervention is useless in the acute stages and is considered harm- 
ful in the subacute and the chronic stage. Its only indications are the presence of 
a calculus in the ampulla or evidence of abscess formation. The ideal treatment 
consists in the treatment of the causes. One should not consider these indications 
if either a phlegmon or a true gangrene exists when operation is indicated. This 
also holds true if the process of autodigestion is taking place. 

Most of the apparent clinical cures of severe disease are due to an error in 


jiagnosis. 





Notices 


CUMULATED INDEX OF THE ARCHIVES OF 
INTERNAL MEDICINE 


Requests have been received for a twenty year index of the Arcuives 
oF INTERNAL MEDICINE. Before serious consideration is given to th 
production of a cumulated index, it is desirable to know whether tlx 
demand for it would be sufficient to warrant its sale at not to exceed $5 
a copy. It will be appreciated if those who are interested in such an 
index will fill-out the form which appears below and send it to th 
Managing Editor at the publication office, 535 North Dearborn Street, 
Chicago. 


I SHOULD BE WILLING TO SUBSCRIBE TO A CUMU- 
LATED INDEX OF THE ARCHIVES OF INTERNAL MEDICINE 
AT $5.00. 





